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CHAPTER I 



THE PROBLEM AND APPROACH 



A. Introduction 

The wisdom of studying the things that shape the future is accepted 
as proven, even though everyone realizes that predictions about them will 
lack perfection. Today, one of the most powerful forces in our environ- 
ment - and at times by far the most important for many firms and even 
nations - is technology.^" Once viewed with suspicion in most human 
institutions, technological change has become the most stable characteristic 
of modern life. Success in business and efficiency in government demand 
that management seek new ways of doing things; that planners find new 
ways to bring ideas together into implementable solutions ; and that top 
management rapidly incorporate these new solutions in daily operations. 

Public and private sponsorship has sought to promote invention in an 
effort to assure a steady stream of improved methods of production and 
application. During the past quarter century, a vast expenditure of 
human and economic resources has been invested in research and development. 
The greater portion of this effort has sought, with marked success, to 
apply existing knowledge to the solution of operational problems in 
industry and government. To a remarkable degree, tractable solutions have 
been generated leading to a more efficient, less costly, and faster ways 
of doing things once considered to be technically impossible. 

^ James R. Bright, ed. , Technological Forecasting for Industry and Government ; 
Methods and Applications (Englewood Cliffs, N.J.: Prentice-Hall. Inc.* 1968) , 
Preface, p. v. 
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These huge investments in research and development have prompted 
management to forecast technology in hopes of being able to monitor and 
presage technological growth. A lively controversy has developed on 
the use, methodology, and validity of various technological forecasting 
techniques. High interest has centered upon intuitive forecasting 
methods and in particular, the DELPHIC approach. It is generally assumed 
that the DELPHI technique is merely one method of technological fore- 
casting. Indeed, this is true - but, since it combines the forecasting 

2 

with the perceived wants or needs of the participants, it is really 
more than a technological forecast. 

The usual forecast attempts to predict what could be - DELPHI tries 

to predict what will be. DELPHI could be described as an elegant method 

3. 

for developing a consensus; it is a polling technique employed for 
systematically soliciting the opinions of experts. DELPHI bears deeper 
investigation because it is directed toward the prediction of the future 
as it will develop in a situation influenced by many factors beyond the 
control of the company or agency making the forecast. Its methodology 
includes the polling of experts representing the controlling factors and 
from this developing a consensus which can be used in planning. Its 
advantage consists in the systematic treatment of data that includes 
the experts 1 intuitive assessment of related imponderables. 

This paper will examine a study conducted by the Research and Develop- 
ment Division, NAVSUP (Naval Supply Systems Command). This study developed 

2 Marvin J. Cetron and Alan Weiser, "Technological Change, Technological 
Forecasting and Planning R&D - A View from the R&D Manager’s Desk," The 
George Washington Law Review - A Technological Assessment of the Law , 

Vol. 36, No. 1 (July 1968), .p. 35- 

O 

2 Marvin J. Cetron, "Using Technological Forecasts," Science and Technology, 

No. 79 (July 1968), p. 58. 

O 
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a variation of the DELPHI approach, SPUR (System for Event Evaluation and 
Review), to produce a technological forecast of what is expected to occur 
in the information-processing industry. Since any single organization 

will have only very limited influence on the future decisions and outcomes 

. o 

in an industry, a technique that incorporates the consensus of participant 

experts should he of inestimable value in planning for the Navy's alloca- 
tion of research and development resources, as well as other future -oriented 
requirements . 

B. Scope 

Many elements of government and industry are concerned with the pro- 
cessing of data and would benefit from the availability of detailed 
technological forecasts concerning the future direction of the information- 
processing industry. This paper will study and analyze such areas as: data 

storage and processing equipment; visual display devices; data reduction 
and reproduction techniques; remote interrogation; audio, video, and 
facsimile transmission and receiving equipment; software; pattern recognition; 
systems and applications; hardware and software standards. The results of 
these investigations are used to project technological potentials stressing 
the satisfaction of anticipated user needs over the next 15 -year time frame. 

C . Approach 

Predicting technical advances is dependent upon many unknown variables 
and at first glance may appear to be a futile task. In this regard, this 
forecast is designed to consider the probability and general significance 
of possible future developments. Each potential event is evaluated in 
terms of three parameters: user desirability, producer feasibility, and 

probable timing. 
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The projections included in this study were developed utilizing the 
SEER technique. It is a combination of the more desirable elem^ments of 
several existing techniques: (l) intuitive (consensus and individual 

forecasting), (2) trend extrapolation (simple extrapolation, curve fitting, 
and curve fitting with judgment modification), (3) trend correlation analysis 
(precursor events and correlation), and ( k ) normative approach (goal- 
oriented) . 

SEER is made up of two rounds. In Round I, industry was asked to 
provide a data bank. Approximately 85 innovative firms producing both' 
hardware and software were contacted. On a non-funded basis, they were 
asked to select several top-level individuals to participate in evaluation 
of a pre-prepared list of events utilizing the three parameters of user 
desirability, production feasibility, aad probable timing. These people 
were usually product planners, research and development engineers, and/or 
production engineers. Each of these participants was asked to add and 
evaluate additional events related to his particular area of expertise. 

Round I was basically an application of the intuitive techniques, yet, it 
permitted the participant to base his comments upon trend extrapolation, 
trend correlation analysis, as well as other trend monitoring techniques. 

Round II was essentially an extension of the Round I results. It 
served two functions: (l) a delineation of the interactions among the 

events forecasted and (2) an extension of the state-of-the-art in techno- 
logical forecasting. 

During Round II a group of out standing experts in information -processing 
was asked to evaluate the Round I data bank to identify events of importance 



and interrelationships between the events. This group was made up of 
more than ^5 of the top names from government, industry, and academia. 
The non-government experts were provided with token honorariums . Round 
II was a direct application of the nonnative approach. 




5 



CHAPTER II 



PRESENT STATUS 



A. Background 

The "basic requirements for the storage, maintenance, transfer, display, 
and processing of data may he considered under the following general 
categories : 

. Documents storage, indexing, and retrieval. 

. Standardization of data packages, elements, identifiers, formats, 
hardware, and software. 

. Data communication and display. 

. Information interface, file generation, format, software, queries, 
and reporting requirements as related to other systems. 

These categories will he discussed and developed from the aspect of 
the data processing techniques and capabilities currently available for 
application to the requirement areas specified above. This chapter will 
stress some opportunities available within today’s state-of-the-art. 
Discussions with Government and equipment vendor personnel indicate that 
one major constraint impinging upon effective system design is a general 
lack of awareness of the range and depth of current off-the-shelf 
capabilities. This problem is accentuated by a shortage of imagination 
and innovative thinking on the part of system designers and top level 
management. We design, redesign, and overdesign from the miniscule and 
extrapolate out to the total system. The result is a hodgepodge network 
of subsystems tied together in a rather inefficient fashion. This over 
emphasis on segments of the problem tends to obscure the original purpose 
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of the system, and invariably results in the organization having to be 
fitted to the system rather than the system fitting the organizations 
problem. One of the crying needs in informat ion-proces sing is imaginative 
top-level management trained to understand technological potentials, capa- 
ble of seeing the overall problem and evaluating alternative approaches 
to the problem. 

A comparison of user requirements and current capabilities will be 
made in order to identify gaps which exist between requirements and techno- 
logical developments. Consideration will be given to areas where current 
capabilities are inadequate (require an advancement in the state-of-the- 
art), adequate, or possibly exceed the requirements. In addition, con- 
sideration will be given to cost-effectiveness factors where decisions 
must be made relative to trade-offs required with respect to advancing the 
current state-of-the-art. Future developments and projections of antici- 
pated capabilities determined from numerous vendor contacts during the course 
of this study are provided in Chapter III of this paper. 

B. Information Control 
1. Introduction 

The fundamental objective of any information storage and retrieval 
system, automated or otherwise, is to provide the most rapid access to the 
complete file of required data, resulting in the acquisition of the 
information desired within the limitation imposed. It is implied in this 
objective that requests for information will be satisfied with usable 

material. One of the most important requirements to place on any selection 

1 ^ 

MVSUP R&D bases its comments about current technology upon George B. 

Bernstein , et_ al . , Technical Data Handling Survey , Voi. I; Review of Pro- 
jected Navy User Requirements and Current Vendor Capabilities (Los Angeles : 
Planning Research Corp., 30 August 1967 )» Appendix B. This” data base was 
updated through visits to vendor facilities, attendance at conferences, and 
readings in the literature cited in the Bibliography. 



or retrieval system is that it yield a high degree of relevant material 
while excluding selection of the irrelevant. 

An equally significant requirement exists for le simplest and most 
direct procedures available, which will maintain the information file in 
a current, up-to-date status. New information must be capable of being 
inserted easily, and old, damaged, or irrelevant information and records 
should be readily deleted. To insure that the required file deletion and 
renewal process is performed, definite procedures for operational use must 
be instituted. One systematic method, particularly useful for hard-copy 
files, is the maintenance of file utilization statistics which permit 
realistic consideration to be given to the purging of material. Failure 
to provide for periodic purging, or the relegation of little-used 
information to inactive files, will result in the accumulation of f, deadwood. 
Such a- policy would increase the scope of file maintenance required, along 
with a likely increase in material retrieval time. 

Although periodic purging will tend to keep file size from increasing 
at an inordinate rate, the growth of files, as well as changes in user 
requirements, is to be expected. This implies the consideration of a 
modular system design which can meet the growing and changing demands of 
evolutional system requirements. This modular and evolutionary point of 
view must be borne in mind not only in the specification of procedures, 
but of equipment as well. In summary, some of the most important overall 
requirements that must be satisfied to adequately control the information 
storage and retrieval process are: 

. Rapid access to information. 

. Capability to select specific information. 



. Simplified insertion and deletion of data. 

. Provision for current information. 

Provision for usage statistics. 

. Modular system design. 

2. Storage 

One of the major problems facing Government and industry today is 
the adequate storage of vast amounts of technical data being generated 
at an ever-increasing rate. This requirement has been evidenced at numerous 
activities surveyed during this study. Modern technology, in attempting 
to keep pace with this information explosion, is pressing to advance the 
state-of-the-art simultaneously on many fronts. As previously mentioned, 
however, this chapter of the report will be limited to consideration of 
off-the-shelf capabilities. The following discussion will be primarily 
concerned with available procedures and resources. Magnetic tape con- 
tinues as the most universal data processing storage medium, and improve- 
ments to its durability and recording characteristics are being made 
continuously. Tape characteristics and capabilities, already fairly 
well-known, will not be discussed in this section. 

a. Microforms 

Considerable effort has been devoted to the development of these 
media as elements of total information storage and retrieval systems. 
Equipment is currently available which can convert operational data or 
technical data to either aperture cards- microfilm, or microfiche with a 
high degree of resolution.. In addition, information which is capable of 
being exhibited on a CRT or display device can be microfilmed directly 
from the CRT. Operating at computer speeds, the output, in digital form. 
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can be translated into alphanumeric s . Graphics can also he created hy 
joining line segments under program control. The alphanumerics or graphics 
can then he photographed directly from the CRT onto l6mm roll film, with 
options for 35mm or microfiche. Output speeds are stated to he as high as 
10,000 pages per hour with input at 90,000 characters per second. Another 
system with the capability to record data directly from tape to microfilm 
was recently introduced. For example, a technique for l6mm microfilm can 
accommodate 20 frames per second, with 61* lines per frame, where each line 
may contain 132 columns. Coupled with recent increases in reduction ratios, 
automated microform production may serve as a cost-effective substitute for 
soft display in many decentralized storage retrieval applications. 

Even greater degrees of miniaturization are possible. PCMI (Photo- 
Chromic Micro-Image), a relatively recent technique, provides a 4- hy 6- 
inch transparency comprised of approximately 3,200 images represented in 
matrix form. Each transparency can he reproduced for dissemination copies. 
In this manner, approximately 1 million document pages can he stored in 
micro-image form on 400 cards, creating a stack less than 6 inches high, 
h . Hardware Components 
(l) Drums 

In the area of random access drum memories which can he used 

for general or auxiliary storage, systems are currently available with a 

8 ' 
storage capacity of 3.4 x 10 hits and a maximum access time of 50 milli- 
seconds. In this system, the read/write heads are in fixed position and 
are capable of recording or retrieving a single track of digital data from 
the rotating drum surface. The "f lying" head principle (the head rides on 
a layer of air) is used and the heads never come in contact with the actual 
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drum surface* Simultaneous read/write access can be provided through 
four independently positionable channels* Several small drums of this 
type are currently used on Polaris submarines with good results, although 
they were not designed for military specification* 

Among the larger random access mass storage devices available is the 
FASTRAND mass storage subsystem* Each unit in the system contains two 
magnetic drums, and as many as eight units may be connected to an avail- 
able I/O channel* The total storage capacity is 13 x 10^ computer words 
per unit, or about 65 x 10^ characters* All functions of the FASTRAND 
are buffered from the central processor and the computer can continue 
processing while records are being accessed on the unit* All read 
operations are parity-checked and flying read/write heads are also 
employed in this system* In addition, a rather unique search and read 
function is featured with the system* 

Alternately, smaller types of magnetic drum storage units can provide 
single drum capacity of 6 million characters, with capability for an 
additional 6-million-character expansion. The transfer rate is given as 
370 >000 six-bit characters per second, with an average data access time 
of 8*5 milliseconds* If desired, dual channels are available for access 
by two processors* 

(2) Disks/Data Cells 

One current line of disk files provides modular systems 
which range from system memory files, having capacities of from 1 to 4 
million bytes, to massive bulk storage devices with capacities in billions 
of characters. Combinations of two or more disk file subsystems are also 
available and are stated to have a maximum average access time of 60 
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milliseconds. In addition, system memory units are available as small, 
fast additions to the computer main memory. Control programs, operating 
software, and program libraries are stored in system memory and can be 
accessed as needed. 

* 

As another example, modular disk storage units are available which 
permit the storage of from 8 million to 800 million characters with 
simultaneous access. Modularity permits storage to be added to increments 
of 50 million characters. In the largest configurations, there may be 32 
disks per unit with four units connected to a single controller. The 
processor communicates with the controller through one to four processor 
I/O channels. Four channels may be used for simultaneous read/write opera- 
tions, attaining an effective character transfer rate of 980KC, with a 
single channel transfer rate of 300KC. In a random positioning environ- 
ment, each of 16 independent positioning arms can position in an average 
time of 90 milliseconds. 

Direct access storage facilities are provided by another manufacturer 
and can store up to 207 million bytes on eight removable disk packs. A 
single unit provides its own control and has eight independent storage 
drives. As many as eight units can be attached to each of six selector 
channels on the mainframe. Nearly 10 billion bytes can be un-line at one 
time. Average access time is given as 75 milliseconds. Multiple records 
can be read and written by a sequence of channel commands, with no rota- 
tional delay between records. In addition, a data cell drive is also 
available which provides a solution to the storage of large, sequentially 
organized data files requiring random reference. Ten data cells, each 
with a capacity of 1+0 million bytes, provide a 1*00 -million-byte capacity 
for each data cell drive. Up to eight drives, may be attached to a single 
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storage control unit for a total direct access capability of more than 3 
billion bytes. Each of the 10 data cells is removable and interchangeable 
so that off-line storage capacity is virtually unlimited. 

3. Indexing 

Independent of the manual or automated techniques employed for the 
storage of information, detailed procedures are also required for indexing 
the material stored. The indexing procedure may be generally described by 
two basic steps: 

. Specifying terms which identify the item for the purpose of later 
retrieval. 

. Associating the identifying mark with the item itself and/or re- 
cording on a separate item substitute the tags or labels representing 
these items. 

The first step in indexing depends on the capability to determine the 
informational categories which are meaningful to the user. The degree 
to which these are correctly resolved will determine the utility of the 
system. The second step is more routine or clerical in nature. Whether 
the indexing identifier is recorded on the item itself, or recorded in a 
separate table or catalog with a means of translation for actual item 
location, is dependent on the retrieval technique and devices used. 

Associating the index directly with the items and searching the items 
directly has the advantage of the simultaneity of item identification and 
actual item selection. Search speed, flexibility, and item accounting 
capability can often be increased, however, if the search process is 
carried out independently of the actual items, particularly if a computer 
is employed. Consideration of the particular attributes possessed by each 
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of these techniques and the devices available for their implementation 
form a significant segment of the alternative selection and cost /benefit 
analysis efforts of a design study. 

The logging, summarization, and coding of each item in a log and/or 
file catalog is necessary for item accounting, as veil as for item retrieval 
if the item file catalog serves as the item table for the retrieval process. 
In all cases, the log and/or file catalog serves as the source of informa- 
tion on the current content of the complete item file. 

The assignment of the physical storage location for an item could be 
made either directly from the item index assignment , independently of the 
index assignment, or indirectly from the index assignment by means of a 
translation function relating the index of the item to a specific physical 
storage location* Again, the particular attributes offered by each of 
these possibilities, and the devices available for their application, 
must be evaluated in a design study. 

With respect to some of the indexing schemes employed in the microform 
areas previously discussed, the MIRACODE (Microfilm Information Retrieval 
Access Code) system is an automatic file, storage, and retrieval system 
using microfilm as. the storage media. Documents are identified by 
assigned numbers and/or descriptive keywords. As the source information 
is being processed, either from aperture cards or CRT, the equipment 
automatically generates the MIRACODE indexing format on the microfilm. 

The source document can then be retrieved by the characteristics or 
numbers assigned in the MIRACODE system. 

4. Retrieval 

Information is usually retrieved in response to a user query. Query 
requests can be initiated for a single item, a general category of items. 
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or for particular items and/or categories or items suggested "by a previous 
query response. In any case, the coding of the item or categories requested, 
utilizing some form of indexing previously mentioned, is necessary "before 
item retrieval can occur. As mentioned earlier, the search for the item 
identifiers matching the codes requests or queries can he accomplished hy 
searching a catalog file of the items or by searching the items themselves . 

Some of the microform retrieval systems current; ly available are the 
MIRACODE and PCMI systems. For system automation requiring the storage 
and retrieval of millions of document pages, the PCMI systems contains a 
computer -driven file and viewer. In this system, a search can be initiated 
with the computer for documents matching specific search parameters. When 
a match occurs, the document location is transmitted to the system for 
automatic retrieval of the card and automatic positioning of the viewer. 

Viewers currently available provide for the enlargement of the micro- 
image to the approximate size of the original document for screen viewing. 
Additionally, where desired, a full-size hard-copy printout and/or 
standard microfilm (l6 mm or 35 mm) of the micro- image may be obtained. 

A different type of system is the SELECTRIEVER , a random access re- 
treival system which can accommodate up to 200,000 individual documents 
of SAM card size (3-1/4 by 7-3/8 inches). The documents may be either 
aperture, microfiche, or ordinary cards with information written on them. 

The methodology for access is based on notches along the bottom edge of 
the card. In a maximum of 10 seconds, the SELECTRIEVER can access of 
specific document, present it to the operator, display it, or prepare a 
hard copy of the information. Average access time is 6.5 seconds. The 
SD 500 is a device with a similar purpose, but operates on a different 
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card selection principle* The CARD system offers similar capabilities 
in a much simpler, less costly, but lower capacity device. 

Mass memories are another example of large-capacity, high-speed, 
random access information storage and retrieval systems which can be used 
in conjunction with existing data processing systems. One type of mass 
memory consists of two principal elements: a mass memory unit to provide 

data storage; and a controller unit that provides the necessary interface, 
control, and read/write functions. In this system, the technique of 
information retrieval is either fixed-addrass-search or search-by -re cord- 
content, depending on the master control used. Average access time is 35 
milliseconds. Search-by-record-content is a specialized technique which 
permits any desired field to be used as the access key. It is not 
necessary to know where the data are stored, but only what type of data 
is desired. This obviates the need for flagging and table look-up, 
conserves space in the GPU mainframe memory, and allows for simultaneous 
off-line search. 

C. Standardization 
1. Introduction 

Historically, efforts in the field of standardization were greatly 
enhanced in 1964 by two important events: 

. Establishment of the DOD Council on Technical Data and Standardi- 
zation Policy. 

. Promulgation of DOD Directive 5000.11 establishing the DOD Data 
Elements and Data Codes Standardization Program. 

Within the purview of the Council is the authority to approve and 
initiate major standardization projects. The stated objective of the Data 
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Element and Data Codes Standardization Program is to facilitate data 
interchange and compatibility among the data systems of DOD by providing 
for optimum standardization of data elements and codes and for their 
utilization, through centralized guidance, control, and direction. 

Additionally, the utilization of standardized data elements in the 
overall Navy Component /Equipment Standardization and Configuration Manage- 
ment Programs will be discussed. Specific areas of application will be 
identified and several possible files and lists utilizing standardized 
data elements will be mentioned. 

2 . Data Elements /Codes 

Standardization of data elements and codes will: 

. Facilitate interchange and compatibility of data among different 
ADP systems and DOD agencies . 

. Reduce the total number of data elements and codes. 

. Reduce data processing costs by using standard codes in lieu of 
full data descriptors. 

• Facilitate the development of standard information and data systems 
by standardizing the data elements and codes which are system 
building blocks. 

. Facilitate integration of systems and direct computer-to-computer 
communication. 

The capability and expertise currently exist to identify, define and 
systematically record informational elements now used in vocabulary formats 
suitable for maintenance by the office or agency having primary functional 
interest. These vocabulary formats would be capable of accommodating both 
automated and manual maintenance, be susceptible for use in standardizing 
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informational elements and codes, and permit series grouping in order to 
form a complete vocabulary of operational and management data bases. 

In the initial identification of informational elements, criteria 
and procedures which may be useful in developing recommendations for 
standard data elements and codes include: 

. Is the data element limited to a single generic class of data? 

. Is the data element name or title unique? 

. Does the data element have a single, precise definition? 

. Is each data item under a given data element mutually exclusive? 

• Does each data element have a set of data items which is different 

from those of any other data element? 

. Does the code assigned to each data item under a data element 
accommodate all known requirements for use of the code? 

. Is it necessary to use any data element and its associated data 
items more than once within a given data system? 

. Is each bit of information within a data code significant? 

. Does each significant bit actually denote something different from 
all other significant bits used in other codes? 

A discussion of significant criteria can extend almost ad infinitum . 
As an example of the consideration given to the first question listed 
above, if more than a single class of data is represented in combination, 
then more than one unique data element exists and should be established. 
The FSN (Federal Stock Number) is a prime example; it is composed of at 
least three generic classes ( viz . , Federal Supply Group, Federal Stock 
Class, and Federal Item Identification). 
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In addition to establishing the criteria for the identification of 
data elements , it is also necessary to determine descriptors for those 
information elements that constitute the system data base. Examples of 
these descriptors are element name, brief description, length and 
characteristics of any data codes used, name(s) of systems which use 
the element, security, classification according to DOD (or other) data 
standardization terminology, etc. 

3. Equipage 

Technical data are, in themselves, the primary means for the communi- 
cation of instructions, plans, and descriptions relating to technical 
projects, material, and systems. This data may encompass specifications, 
standards, engineering drawings, lists, etc., and may be in the form of 
documents, displays, EAM cards, or magnetic tape. When these data are 
applied and used in a systematic and orderly manner, following a well- 
defined series of steps and decision rules to produce definite design 
decisions, then the configuration identification aspect of the total 
configuration management task has been established. 

The NAVLOGSIP (Navy Logistic Support Improvement Plan) contains 

objectives related significantly to standardization configuration 
2 

management. These include increasing the standardization of ship types 
and equipment and a plan for conf iguration control. Standardization 
planning will provide for: (l) the use of a minimum number of sizes, 

types, varieties, and kinds of components and equipments, and parts, and 
(2) the use of identical components and equipments wherever complete 

Navy Logistic Support Task Force, Navy Logistic Support Plan , June 1965 9 
p. iv. 



functional inter changeability exists. Standardized component /equipments 
will be included and controlled in master configuration listings and 
indices. The overall Conf iguration Management Plan will include pro- 
cedures and criteria for a thorough evaluation and demonstration of the 
cost-effectiveness of proposed engineering changes, alterations 9 or 
improvements. The Navy Configuration Management Program provides for 
the development and maintenance of uniform policies, procedures, and 
implementing instructions for the attainment of these objectives. 

The extension and utilization of standardized technical data elements 
and codes in the overall Navy Component /Equipment Standardization and 
Configuration Management Program are immediate. Lists of standardized, 
data elements can be utilized in the determination and identification of 
common types of components and/or those components and equipments which 
may be functionally interchangeable. Combined with costing data elements 
and operational or reliability characteristics, (which may possibly be 
provided by the Navy 3M (Materials Maintenance Management) system 
utilizing the MDCS (Maintenancs Data Collection System), a priority or 
preference list of components could be determined with respect to the 
cost-effectiveness factors involved. Components which have only one or 
two functional applications may possibly be replaced by those having 
greater utility. Moreover, various standardized catalog files can be 
produced based upon the standardized parts and components information 
determined. 

D. Data Communications 
1 . Introduction 

3 

In a survey conducted at several Navy activities, a number of require 
ments were highlighted which could receive some degree of satisfaction 
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^ stein, op. cit . , 




Chapter II and Appendix A. 
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through the utilization of data communication products now available. 
Requirements relating to the data communication area can he generally- 
categorized as follows: 

Faster response time. 

. Real time capability. 

. Data transfer compatibility. 

• Centralized data banks. 

. Improved inputting techniques. 

. Interrogation capability. 

, Remote inquiry capability, 

, Improved means of transferring data. 

The remainder of this chapter will discuss some of the currently 
available data communication products which could be considered in 
meeting some of the aforementioned requirements, 

2, Remote Terminal Devices 

Remote terminal devices may be divided into two major categories, 
manually operated devices and higher speed devices , As is generally the 
case, certain devices overlap into both categories, 

a. Manually Operated Devices 
(l ) Numeric Devices 

One form of data input that is growing in popularity is the 
numeric keyboard device, often coupled with a form of card reader. A 
good example is IBM’s 1001, which has a punched card reader and a 10-key 
keyboard. The 1001 operates at 12 digits per second over leased lines or 
over the voice grade dial network using a data set. It is possible to 
transmit alphabetic information from the card, but the keyboard is 
limited to numeric data. 



A similar type of operation can be achieved with Bell System 1 s new 
touch-tone telephone. This device can he a simple 10-key keyboard, or 
a plastic card reader utilizing the cards that are used in card dialing, 
or can he easily punched with a stylus. Fixed numeric data can he punched 
into a plastic card, and variable data can he entered via the keyboard. 

Bolt, Beranek and Neuman, Inc., Cambridge, Massachusetts, has 
developed a system that provided two-way communication with a computer 
using ordinary dial telephones and requiring no additional attachments. 
After the connection has been dialed, the dial is then utilized for data 
input. 

IBM offers "programmed keyboard" models 1092 and 1093 that can pro- 
vide a means of manual input. The 1092 has a 10 x 15 (or optionally 
10 x 16) array of buttons; each column has 10 buttons for the digits 0 
to 9 5 and there are 15 to l6 columns. The buttons need not be limited 
to digits, however, as "Keymat" overlays may be laid over the keyboard 
so as to give coded meaning to the keys. For example, each of the 10 
keys in one column can represent a different type of transaction. One 
model of the 1092 has a sensing device attached to the keyboard which 
allows the computer to know which overlay is being used. The 1093 is a 
similar device with a 10 x 10 array. It can be used by itself or with 
a 1092 so as to handle up to 2 6 columns of data. 

(2 ) Alphanumeric Devices 

The most widely used input devices in this category are 
the teletypewriter units offered by Teletype Corp., Western Union, and 
Kleinschmidt . The general range of speed is 60 to 100 words per minute. 
However, there are a number of small differences in transmission speeds. 



character coding, etc. In the past, most of these devices have used a 
five-level code (generally the Baudot code); now, however, the use of an 
eight-level ASCII code (seven information hits plus a parity hit) has 
come into vogue. A major advantage of teletypewriter devices is that they 
are currently available and relatively inexpensive. 

Another form of alphanumeric device is the all-purpose communications 
console. IBM produces such a device called the 1050, and Honeywell offers 
a similar device which they call their Multipurpose Console. These devices 
offer a typewriter keyboard, printer (similar to a typewriter printer, hut 
independent of the keyboard), card reader and punch, punched paper tape 
reader and punch, and control circuitry. Since most of these features 
are optional, the user may select those he desires. The IBM 1050 also 
permits the use of a 1092 or 1093 programmed keyboard. The Honeywell 
Console allows the use of a unique optical scanner (for reading bar code). 

The IBM 27^0 and 27^1 are Selectric typewriters with standard key- 
board, upper and lower case. The 27^0 can operate on a party line hookup, 
while the 27^1 requires a private line. The tejmiinal can be used as a 
regular typewriter or can be used to transmit and receive data. Also, 
the terminal can communicate with other similar terminals or with an IBM 36 0. 

b. Higher Speed Devices 

Higher speed devices can be used as 1/0 terminals connected to a 
central computer, or as the terminals in point-to-point communication links. 
Punched paper tape readers and punches operate in the general range of 
seven to 100 characters per second, depending on the particular devices 
and the transmission speed of the communication channel. The devices are 
offered by Digitronics, AT&T, Teletype Corporation, Western Union, General 
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Electric, and Friden and Tally.' For bidirectional communication, a 
reader and a punch are required at each terminal. 

Punched card readers and punches can he used as remote terminals 
to achieve transmission speeds higher than manual keying speeds. Trans- 
mission usually is via voice grade lines, with speeds of 100 to 300 
characters per second. Manufacturers include IBM, Digitronics , and UNIVAC. 

Some communication channels have heen set up with punched paper tape 
or punched card readers at the remote terminals, and with magnetic tape 
units at the central receiving point. With such systems, the speed of 
transmission is limited hy the slower remote unit , usually in the range 
of 100 to 300 characters per second. However, if transmission is between 
two magnetic tape units, or between a computer and a remote tape unit, 
transmission speeds can be much higher, depending on the capacity of the 
communication line. For instance, available systems can transmit up to 
5,100 characters per second (peak speed) using TELPAC A, or up to 60,000 
characters per second using TELPAC D. Manufacturers include IBM and 
Digitronics . 

The main trust currently vis able in the computer industry is in the 
area of data acquisition. Viatron is offering computing capability to 
even the smallest user through a micro-programmed terminal that rents 
for $39/month. Such a device might have an interesting application at 
the Wavy 5 s non-reporting supply activities. Energy Conversion claims to 
have an invention that could lead to tubeless television and micro- 
mi niaturizat ion ten times greater than the silicon chip technique 
currently in use. Electronic Data Systems Corp. talks about a $20/month 
terminal (powered by batteries) which can be connected to a computer 
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through an ordinary telephone. A potential use for such a device in the 
Navy Supply System would he to provide ready access to inventory levels, 
shipping dates, and unit price information. The most recent addition to 
the ultra-low priced terminal market is Honeywell’s COM-PACT. This device 
is only nine inches square and two inches think, weighs six pounds, and 
rents for $ll*-$l6/month. Chapter III makes reference to the development 
of a Dick Tracy-like two-way wrist radio-TV sender-receiver. Developments 
such as these make one wonder just how close to fruition such a device 
might he. 

3. Fast Response Systems 

With the advent of the third generation computers and advancements in 
data communication products, the capability now exists for exploiting fast 
response systems (i.e., systems aimed at providing a rapid computer service). 
This type of system is sometimes referred to as real-time and online. The 
surveys previously referred to invariably elicited the comment , "A more 
rapid response is required. 11 The remainder of this subsection will be 
devoted to some recent developments in fast response systems. 

a. Time-Shared Systems 

Time- shared systems are aimed at the question, "How can a fa.it 
response computer service be provided to a large number of users?" In 
essence, time-shared systems commutate a large central computer among a 
number of users so as to provide fast access and response for each user 
on an economical basis. By simultaneously sharing the central computer 
and its powerful software features among a group of users, the cost to 
each user is kept at a reasonable rate. Further, input to and output 
from the computer is provided by a terminal located at the user*s site. 
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connected to the computer "by electrical transmission. Thus, a time- 
shared system consists of the combination of the computer, communications 
facilities, local I/O units, and a specially designed software system. 

The emphasis in time-shared systems is service to the user. Service 
is considered to be more important than the highly efficient use of the 
computer. Expressed another way, faster service to the individual user 
is achieved at the expense of greater computer running time and memory 
size than might be required to do the same group of jobs on a batch basis. 
Time-sharing reduces turnaround in the following ways: 

. Queue time waiting for the job to be keypunched. 

. Messenger time to and from the computer. 

. Queue time waiting for the cards to be put into the computer card 
reader and read into the computer, including operator inefficiencies. 

. Queue of jobs in the computer, waiting to be executed, in a com- 
pute-till-complete system. In a time- shared system, each job is 
worked on for at least one f, time slic2 ,, every few seconds, and 
often only one or two time slices are needed to begin producing 
responses to the users. 

. Mass printing needed to answer all the questions the user may ask. 
With a time-shared system, only the specifically desired informa- 
tion is printed-out on the remote console. 

Some important goals of time-shared systems are: 

. Improve communications between the user and the computer by the 
use of powerful software packages . 

. Edit the input for errors as it is entered, and notify the user 
of these errors immediately. 
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. Aid the user in trial-and-error problem solving. 

. Improve utilization of the computer by using "background jobs." 

b. Types of Time-Shared Systems 

Not all time-shared systems adopt all of the above goals, nor do 
they always approach the achievement of a specific goal in the same way. 
Their differences appear to be due to the different environments in which 
the systems were developed and the points of view adopted by those who 
developed them. 

Some approaches to time-shared systems concern the use of time slices. 
The microslice philosophy is aimed at providing each user with at least 
one time slice of computing within 1 or 2 seconds, thus maintaining a 
"conversational mode" between the user and the computer. 

One approach to the time-sharing systems concerns the language that 
is used to communicate with the system. Borne systems communicate via 
machine-oriented languages, while others communicate via user-oriented 
languages. Another approach has been the scheduled time of operation for 
the time-shared systems. Some systems operate practically full-time in 
the time-shared mode, while others are used only part-time for time-shared 
activities, with the remainder of the time used for batch processing. 
k . Mult i'pr ogr amming 

Multiprogramming Is one of the means by which a capability is pro- 
vided for achieving fast response systems (see previous subsection). 
Multiprogramming Is the concurrent processing of independent 
programs by a single processing unit, through the overlapping or inter- 
weaving of their execution. One feature of multiprogramming is that the 
programs should be written with no assumption of interaction between them; 
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thus, one program would not periodically interrogate another program to 
see if control should he transferred. In a multiprogramming enviornment , 
programs can he run either serially or in a concurrent mode, with no 
changes in the programs. The goal of multiprogramming is to provide better 
computing service and to improve equipment utilization hy making use of 
machine idle time. 

In fast response systems, such as time-shared systems and real-time 
systems, where the total message service time might he compared with the 
arrival rate, multiprogramming plays a key role. Much of the total service 
time is consumed in retrieving and storing both programs and data in mass 
storage units. Through the use of multiprogramming, when one program 
initiates an I/O request, control is transferred to another program which 
is ready for processing. The result is that these systems can service 
a much larger volume of messages within the time limitations than would 
otherwise he the case. 

Multiprogramming is a fundamental component of a time-shared system. 

It has reached a stage of development where it is well within the state- 
of-the-art . 

E. Generalized File Processing Software 
1. Introduction 

One method of meeting or satisfying some of the technical data 
processing requirements may be the more prevalent use of generalized 
file processing software. Such systems offer a means for converting 
applications to a computer with much less programming effort than is 
required hy conventional programming methods. This increases the proba- 
bility that more data may he in machine readable form, and may consequently 
result in a reduction in manual efforts. 
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These systems perform most or all of the common file processing 
functions of file creation, maintenance, sorting, selection, extraction, 
and report preparation. Equally important, they provide a structure for 
the solution of file processing problems; that is, they' give the systems 
analyst -programmer a start toward the solution of a problem. . 

There are three major types of generalized file processing software 
which are similar in many ways, differing more in degree than in concept. 
They are the generalized programs, file management systems, and select- 
extract-report systems. 

2 . Generalized Programs 

Generalized programs ordinarily entail the development of basic data 
processing functions. These functions are usually well-defined and include 
sort, merge, extract, file, update, match, and summarize. Several of the 
functions may be linked together in one computer run. 

3. File Management Systems 

File management systems differ from generalized programs in that they 
use broader functions. For instance, a file management system might con- 
sist of five basic functions: file creation, file maintenance, select- 

extract, sort, and report. File maintenance in such systems consists 
mostly of the insertion, deletion, and replacement of records in a file 
or fields in a record. Limited computation, such as adding transaction 
amounts to file summary amounts, might be performed in posting trans- 
actions to a file. If complex logic is needed to control such posting, 
or if the calculations are lengthy, these systems provide standard exits 
for "own coding." A fair amount of logic and arithmetic capability is 
usually provided in the report function for developing multilevels of 



controls. Another characteristic of these programs is that retrieval 
requests are designed so that they can he filled out hy persons who know 
their problems and who normally are not programmer personnel. 

U. Select-Extract-Report Systems 

Select-extract-report systems are really a subset of the file manage- 
ment systems. They do not perform the functions of file cr-ation or file 
maintenance; however, they do provide easy, flexible data retrieval 
services from existing files. Such systems usually are limited to a 
fixed-length record and to little or no computation. 

F. Conclusions 

Improvements can and should be made in data handling. However, although 
such improvements could be made, this fact does not denote that there 
exist gaps between available equipments and technical data processing 
requirements. In fact, with possibly only a few exceptions (i.e., the 
input and communications areas), it appears that there are sufficient 
equipments presently available to handle all observed data processing 
requirements . 

Substantial gaps do exist in the area of uniformity in equipments and 
procedures. For example, individual Navy activities often have widely 
divergent equipments to perform identical tasks, with consequent 
inefficiencies resulting from duplication, time-lag, syntazc errors, and 
logical errors . Therefore , it is concluded that any gaps that do exist 
(with the exception of input and communications equipment) lie in the 
realm of system procedures, rather than in the realm of equipment. 

Current and proposed improvements in equipment for data processing 
tend to point to more efficient utilization of the type of equipment 
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currently available. Little in the way of new, revolutionary equipment 
that 11 will he the answer to all problems 11 is being contemplated. Again, 
the exception concerns the input and communications areas, where signifi- 
cant improvement must be made (e.g., optical scanners and high-speed modems). 

In summary, the major gaps that were detected during the conduct of 
this study were primarily in the realm of (l) lack of uniformity in 
systems and procedures, and (2) lack of uniformity in equipment. 

G. Some Sample Applications 
1. Introduction 

Since information-processing technology impacts on a wide variety of 
functional areas within Navy, it would be impossible to cite examples of 
how future technology would affect the entire spectrum. However, in order 
to demonstrate how future technology can be considered in system design 
decisions, examples of three generalized approaches for handling technical 
data have been developed. 

Prior to proceeding with the description of possible data handling 
systems, definitions will be provided for centralized, decentralized and 
combination centralized/decentralized systems. Centralized data pro- 
cessing systems satisfy data processing requirements for separate 
organizational units at a common computer center. Decentralized data 
handling systems are self-contained in an organizational unit. A 
centralized/decentralized system is a combination of both types. A 
technical data handling system would perform processing functions common 
to all organizational facilities (e.g., maintenance of all drawings) and 
also the facility would have a capability to satisfy its own unique 
r e quir erne nt s . 
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EXHIBIT 1 - SCHEMATIC OF A CENTRALIZED TECHNICAL DATA HANDLING SYSTEM 



2. Centralized Technical Data Handling System 

A possible centralized data handling system configuration is presented 
in Exhibit 1, The system envisioned in the Exhibit would perform all 
technical data handling for each organizational facility and transmit the 
processed information in a suitable format to the facility via communica- 
tions links. Remote terminals at each facility could either display 
formated data or graphics, with a capability to produce hard copy as 
required. Each facility would query this central file to satisfy the bulk 
of its requirements for technical data. The central processing unit or 
processors would perform the following functions: 

Executive control and scheduling of all processes to be performed 
for all users. 

. Message processing, that is, the handling of incoming requests 
from remote locations and message generation to be retransmitted 
to the appropriate user. 

. File query and maintenance, which includes the retrieval of data 
elements from the data base and/or referencing the exact locations 
of documents or drawings located in offline storage. 

. Calculations which are involved in the generation of summary 
reports. 

If a centralized data handling system were used, there would be a 
requirement for an enormous data base for storage of both digital and 
graphic data. Without a detailed study of the volume and variety of 
the required data base, the appropriate type of storage media can only • 
be postulated. An offline capability would be required to store en- 
gineering drawings and other documents which require infrequent access 



since it is "both exorbitantly expensive and inefficient to digitize this 
data and store it in auxiliary online memory. With the current R&D 
developments in data storage devices, and the fact that the trend is 
towards mi cr of onus these offline storage devices will probably be some 
type of microform (e.g., microfilm, microfiche, or holographic memories). 
The system would undoubtedly contain formated files such as parts lists, 
etc., which would be stored and maintained in a mass memory device such 
as disk, drums, or random access files. This device could be used to 
store a portion of the data base which requires frequest access as well 
as indices for retireving data or documentation maintained in offline 
storage. 

3 . Decentralized Technical Data Handling System 

In a decentralized technical data handling system each facility has 

its own data processing capability. All of the functions that were listed 

in the proceeding section for a centralized system would be accomplished 

at each organizational facility. If a decentralized system were to be 

used, much of the common processing still should be standardized among 

the facilities. The diversified functions of a research and development 

facility might require both information retrieval capability and high 

level scientific processing capability due to projects such as Computer 

k 

Aided Ship Design. 

k> Centralized/Decentralized Technical Data Handling System 

A centralized/decentralized technical data handling system would 

imply that specific requirements (e.g., centralized drawing file) common 

Bernard W. Romberg, CASDOS: A System for the Computer Aided Structural De- 

tailing of Ships — Present Status , A Symposium held by the Chesapeake and 
Hampton Roads Section of the Society of Naval Architects and Marine Engineers 
September 1968. 



to all facilities would tie fulfilled ty a central computer facility and 
each organizational unit would have a technical data processing capability 
to perform its own unique functions. For example: All requests for data 

pertaining to parts lists and parts descriptions could te handled ty a 
central facility. In addition, a central repository of engineering 
drawings pertaining to a particular installation might te maintained locally. 
An example of a unique processing requirement would te the effort of 
Computer Aided Ship Design being carried on at a research and development 
activity since it has requirements for scientific calculations and com- 
puting equipment may te entirely different than that of the central 
facility which would te more of an information handling system. A diagram 
of a possible technical data handling system configuration is presented in 
Exhibit 2. 

A centralized/decentralized system, as depicted in the Exhibit, would 
have the advantage of allowing for a more efficient design of a retrieval 
and indexing system for access to formated data and the large number of 
drawings required ty various operational units. That is, each of the 
facilities could have their own file pertaining to active drawings and 
formated data according to their area of interest. This would permit each 
facility to use a more detailed retrieval system pertaining to the small 
volume of active drawings it would have to maintain. Then the centralised 
facility could maintain the complete set of drawings in both hard copy 
form and the microf orms , utilizing a computer indexing system. Since this 
file would contain the relatively inactive drawings of many facilities, it 
would te feasible to provide a retrieval system which could handle a large 




35 



INVENTORY CONTROL POINTS RESEARCH & DEVELOPMENT FACILITIES 




ERIC 



EXHIBIT 2 - SCHEMATIC OF A CENTRALIZED/DECENTRALIZED 
TECHNICAL DATA HANDLING SYSTEM 



number of queries. This type of system would allow the computer at each 
of the individual facilities to communicate and/or receive processed 
information possibly on a time-shared basis from the centralized facility 
for reformating their presentation to the required users. In addition, 
each facility would then only require that size computer necessary to 
perform its own unique data processing functions. If the facility’s own 
requirements do not necessitate the use of a large-scale computer, a 
small-scale, low-cost computer could be purchased to perform the required 
overhead functions involved in data communications as well as the 
facility’s own unique processing. 
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CHAPTER III 



FORECAST 



A. Background 

By the late 1950* s, the technological revolution had taken on all the 
major aspects of the earlier industrial revolution - except for an appre- 
ciable shortening of response time. The extended periods of time previously 
available for muddling through are simply no longer available. While no 
single reason can be credited for the attention technology has received, 
two major factors can be identified: (l) A growing awareness that a 

nation* s rate of economic growth depends heavily on changing technology, 
and (2} Continued international tensions have made it painfully obvious 
that national security depends on the output of military research and 
development effort. 

This condition generated the urgent need for new planning tools . The 
military departments, a few aerospace firms, and some specialized consul- 
tants developed technological forecasting to help fill this need. The 
following is a brief summary of this development. 

The U. S. Army, in 1957, initiated a "Long Range Technological Forecast" 
which describes knowledge, capabilities, and examples of materiel that 
science and technology can be expected to produce if supported by orderly 
programs of research and development. It is updated and published annually. 
This forecast is used by operational, organizational, and research and 
development long-range planners in the formulating of new concepts, require- 
ments, and plans. 

In 19^+5, the Army Air Corps conducted a study entitled "Toward New 
Horizons." The latest effort published in 1964 was a major technological 
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forecast in-depth known as "Project Forecast." In this forecast the Air 
Force related the predicted state-of-the-art to new system concept studies. 
The forecasting of technology, including analysis of threat, military capa- 
bilities, costs, etc., was done by technical panels (each unique to a tech- 
nical area) and published in individual panel reports. Updating of "Project 
Forecast" is accomplished through periodic review by the technical panels. 
This forecast has impact upon numerous Air Force technical objectives and 
technical planning documents which are updated every 12 to 18 months.'*' 

The Marine Corps presently considers the Navy Technological Forecast as 

well as the Army "Long Range Technological Forecast," interpreting it in 

2 

terms of specific Corps applications. In addition, under Marine Corps 

sponsorship, the Syracuse University Research Corp. performed a study during 

3 

1963-1964 entitled "The United States and the World in the 1985 Era." This 
effort examined projected national objectives and policies, as well as the 
international and domestic military, economic, and technological factors 
affecting the United States into 1985. 

Marvin J. Cetron, "Background and Utility of Technological Forecasting in 
the Military," Long-Range Forecasting and Planning , A Symposium held at the 
U. S. Air Force Academy, Colorado, 16-17 August 1966, p. 6. 

Interservice Technological Forecasting Methodology Study Group, Report on 
Technological Forecasting , 30 June 1967. 

This work is documented in a series of four technical reports: 

Syracuse University Research Corp., The United States and the World in the 
1985 Era , March 1964. 

Syracuse University Research Corp., Appendixes One and Two to the United 
States and the World in the 1985 Era , May 1964. 

Syracuse University Research Corp., Science and Technology in the 1985 Era , 
March 1964. 

Syracuse University Research Corp., Anpendix to Science and Technology in 
the 1985 Era , May 1964. 
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In 1965, the U. S. Navy appointed a study group to look into the needs 

for a formal technological forecast. A six-month study that included visits 

to both industrial and government research and development installations was 

performed. The study group recommendation stated that such a forecast would 

he very useful to the Navy in its long range planning effort and formulated 

a proposed method of conducting a technological forecast within the Navy, 

4 

and a plan for its implementation. The Chief of Naval Development initiated 
the NTF (Navy Technological Forecast) Program on 18 February 1968. This 
program presents scientific and technical extrapolation of technology, for 
a 20-year time-frame , using the present state-of-the-art as the base for 
projections. It will be updated and published annually in three sections: 
Part I - Scientific Opportunities 
Part II - Technological Capabilities 
Part III - Probable Systems Concepts 
The NTF, though born in a research and development laboratory, environ- 
ment, is not totally oriented toward the hard sciences - it also considers 
the non-physical; for example, concepts, attitudes and procedures. It is 
designed as a tool which facilitates both planning and decision-making. 

^ The Navy's Technological Forecasting Program is discussed in the following 
documents : 

Marvin J. Cetron, et al . , A Propose! for a Navy Technological Forecast, Part 

1 - Summary Report~ TWashington , D.C. : Navy Technological Forecasting Study 
Group, 1 May 1966). 

Marvin J. Cetron, et al. , A Proposal for a Navy Technological Forecast, Part 

2 - Backup Report “[Washington, D.C.: Navy Technological Forecasting Study 
Group, 1 May 19^) • 

Interservice Technological Forecasting Methodology Study Group, op . cit . , 
Management and Economics Research, Inc., draft. Impact of Future Technology 
on Navy Busi n ess Management: Vol. 2 - Technological Forecast , May 1967* ~ 

John P. Bartley, "Planning in NAVSUP," Navy Supply Corps Newsletter , 

November 1967 5 Vol. XXX, No. 11, pp. 14-19* 




ho 



B. Deciding on a Technique 



Preparations for the NAVSUP technological forecast in the field of 
information-processing led to a study of intuitive methods and resulted in 
the utilization of a variation on the DELPHI approach. This research and 
experience is described and evaluated here. 

1. Intuitive Methods 

One of the most direct an i -widely-used methods of generating a forecast 
is to sample the opinions of one or more persons who are knowledgeable in 
the specific technology or technological area under consideration. When 
more than one forecaster is involved, the forecast is built from a con- 
sensus or composite of estimates.^ 

There can be considerable merit in a forecast made by a single individual 
who is expert in his special ares. Such a person must have both depth in 
the underlying scientific disciplines or technologies and also a concise 
view of the functional area to which his expertise has direct application. 

The literature abounds with the works of such authors as Anshen, Barach, 

Brown, Zahl, de Jouvenel, Gabor, Hay don, Kahn, and ^bekhan.^ 

^ James R. Bright (ed.), Technological Forecasting for Industry and Government: 
Methods and Applications (Englewood Cliffs. N.J.: Prentice-Hall, Inc . , 1968) , 
p. 56. 

^ Excellent examples of individual intuitive forecasts can be found in: 

Melvin Anshen and George L. Bach, Management and Corporation 1985 , (New York: 
McGraw-Hill, i 960 ). 

Arnold B. Barach, 1975 and the Changes to Come, (New York: Harper & Brothers, 
1962). 

Harrison Brown, James Bonner, and John Weir, The Next Hundred Years , (New York: 
The Viking Press, 1957). 

Dennis Gabor, Inventing the Future , (New York: Knopf, 1964). 

Herman Kahn and Anthony J . Wiener , The Year 2000: A Framework for Speculation 
on the Next Thirty-Three Years , (New York: Macmillan, T^fTT ~ 

Harold A. Zahl, Looking Ahead in Science and Technology , (Fort Monmouth, N.J.: 
Army Electronics Labs, November 1964). 

Bownlee Haydon, The Year 2000 , (Santa Monica, Crl.: Rand Corp., March 1967 ). 

Hasan Ozuckhan, Technology and Man* s Future . (Santa Monica, Cal.: System 
Development Corp., 27 May 1966 ). — ' — 
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To overcome the difficulty inherent in a single estimate, the judgments 
of a number of individuals who are active in a given field may be combined. 
This presumes that a realistic forecast can be obtained by cancelling out 
the errors of individual predictions. Extreme care must be exercised in 
drawing the sample of participants. 

This panel brings individual experts together and provider for a desirable 

interaction of their diverse opinions. Navy's "Project Seabed," and Air 

Force’s "Project Forecast," are two interesting examples of panel operations. 

7 

H. Wells and R. Lenz initiated work on an interesting variation of the 

panel approach. The DELPHI techni' ae is directed toward the systematic 

solicitation of expert opinion. Instead of using the traditional approach 

toward achieving consensus through open discussion, this technique eliminates 

8 

committee activity completely, This is done to reduce the influence of such 
psychological factors as fallacious persuasion, unwillingness to abandon 
publicly expressed opinions, and the bandwagon effect of majority opinion. 

It replaces direct debate by a careful program of sequential individual 
interrogations (usually in questionnaire form). These interrogation a--e 
interspersed with information and opinion feedback derived from i u 
representing more than one consensus. These results ar«* *omput -d from 
earlier parts of the program. Both inquiries concern* ng their own reasons 
and subsequent feedback of the reasons presented by others may serve to 
stimulate the experts to consider points which they had inadvertently 
neglected, and give m^re weight to factors they had dismissed, on first 
7 

Ralph C. Lenz, Jr., Forecasts of Exploding Technologies by Trend Extrapola- 
tion (Wright -Patter son AFB, Ohio: Aeronautical Systems Division). 

o 

Erich Jantsch, Technological Forecasting in Perspective (Paris: Organization 

for Economic Co-Operation anil Development , 19 67 ) 7 P* 137 - 
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4 bought, as unimportant . The first full-scale application of this 
technique was called DELPHI. The DELPHI approach to technological 

Q 

forecasting has teen researched ar i modified through work at RAMD , 

10 

primarily conducted by 0. Helmer -with substantial support from 

11 12 13 

Gordon , Brown , and Dalkey . 

2 . Preparative Investigation 

The idea of tapping a wide spectrum of expert opinion is quite 
appealing on face value. This strategy appears even more attractive when 
the panel members are permitted [after doing their "home work*" by pro- 
ducing the formal or informal technological forecast], as in DELPHI, to 
interact with each other’s ideas in an anonymous atmosphere. 

NAVSUP, Research and Development Division, is one participating 
activity in the NTF. This group was assigned the continuing responsibi- 
lity for conducting forecasts in technologies related to Navy Logistics, 
with an initial effort in the area of information-processing technology. 

NAVSUP became interested in the DELPHI approach to thoroughly inves- 
tigate this technique’s potential for producing user-oriented forecasts. 
After reviewing the previously cited DELPHI literature, meetings were 

Olaf Helmer, Analysis of the Future; The DELPHI Method (Santa Monica, Cal. 
Rand Corp., March 1967 ) . 

Olaf Helmer, Prospects of Technological Progress (Santa Monica, Cal.: Rand 

Corp . , August 1967 ) . 

T. J. Gordon and Olaf Helmer, Report on a Long-Range Forecasting Study 
(Santa Monica, Cal.: Rend Corp., September 1964). 

Bernice Brown and Olaf Helmer, Improving the Reliability of Estimates 
Obtained from a Consensus of Experts (Santa Monica, Cal.: Rand Corp., 
September 1967)* 

Norman C. Dalkey, DELPHI (Santa Monica, Cal.: Rand Corp., October 19C7). 
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held with Dr, Helmer of Rand Corp. and with Dr. H. Q. North and Mr. D. L. 

Pyke of TRW, Inc., in order to discuss the problems and pitfalls of DELPHI. 

lU 

TRW was in the process of evaluating "Probe I," an attempt to employ the 
DELPHI method in an industrial environment. These conversations concerned 
the modification to DELPHI that TRW was contemplating in its. effort to make 
"Probe II," a follow up study, more user-oriented. The essence of these 
modifications can be found in a presentation Dr. North recently made to the 
NATO Defense Research Group . ^ 

As research progressed, questions raised concerning DELPHI were becoming 
more concrete. Prior to formalizing these questions and amorphous doubts, 
an effort was made to obtain a firmer basis in the conduct and employment 
of user-oriented forecasts. This research led to the study cf articles, 
books 9 and technical papers listed in the Bibliography. 

During this period much soul-searching transpired which resulted in a 
list, of shortcomings in the current DELPHI methodology. This list was 
validated through conversations with experienced former panel members. 

The major drawbacks in this list include: 

a. Panel members dislike beginning with a blank piece of paper. A 
set of sample projections would improve the panel members understanding 
of his task and stimulate patterns of thought. 

b. The extensive number of interactions required by the DELPHI 
process results in a heavy investment of time. The panelist is prone to 
resent this imposition. 

H. Q. North, A Probe of TRW's Future (Redondo Beach, Cal.: TRW Systems, 

5 July 1 966). 

15 h. Q. Norvh, "Technological Forecasting in Industry," A presentation during 
a Seminar to the NATO Defense Research Group, Teddington . Middlesex, England, 
12 November 1968. 



c. After the several rounds* the panelist may be faced with evaluating 
projections in areas totally outside his area of expertise. Several former 
panelists indicated much indignation over being asked to play the role of 
"expert” and being forced to give a layman’s view under the guise of expert 
opinion. 

d. A lack of goal orientation leaves the questions: “When has the 

information been refined enough? When do we stop the iteration process? 

e. Efforts to determine event feasibility and desirability are barely 
addressed. 

f. Most importantly* no effort is made to (a) determine event inter- 
relationships; (b) prepare "menus” of alternative short-, mid-, and long- 
range goals; or (c) identify the supporting events desirable and necessary 
to make these goals achievable. 

g. The basic design of such a technique precludes the (hopefully 
empathetic ) give-and-take potentially possible in face-to-face confronta- 
tion. 

NAVSUP decided to develop a modified DELPHI technique (SEER) and test 
it in a project for the purpose of forecasting information-processing 
technology. This approach is designed to take advantage of DELPHI’S 
strong points and avoid its weaknesses. 

C. The SEER Technique 

SEER is made up of two phases or rounds. In Round I of the forecast 
described, industry was asked to provide a data base. Approximately 85 
innovative firms producing both hardware and software were contacted 
(see Appendix A). They were asked to select several top-level experts to 
participate in evaluation of a pre-prepared list of potential events. 
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This list was developed through a literature search 1 ^ and a series of 

primary interviews of users and producers from government, industry, and 

academia. Several of these sample events appear in Exhibit 1 . The in- 

17 

fluenee of TRW, Inc.’s experience on "Probe I" upon Round I approach 
and format is readily apparent. 

The evaluators were usually product planners , research and development 
engineers, and/or operational engineers. Each of these participants was 
asked to add and evaluate additional events related to his area of exper- 
tise; he was also permitted to perform similarly in sub-categories of 
technology of tangential interest. These evaluations were made utilizing 
the following parameters: 

. User Desirability - He was asked to consider the need to make the 
results of a given event available as a usable product. 

. Producer Feasibility - He was asked to consider the technical, 
economic, and commercial feasibility of converting the event into 
a usable product. 

. Probable Timing - He was asked to project a series of three dates 
for each event: a date of " reasonable chance" (p = 0.2), a " most 

likely" date (p = 0.5), and an " almost certain " date (p = 0.9)- 

Thus , Round I was basically an application of intuitive techniques; 
yet, is designed to permit the participant to base his comments upon more 
formal technological forecasts such as trend extrapolation, trend correla- 
tion analysis, etc. 

Two approaches vei ** used to view information-processing: (l) functionally 

(hardware and software) and (.2) sy st em-or i ent ed . 

See Bibliography for range of source documents. 
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POTPOURRI OF EVENTS FROM DATA BANK 
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The functional approach is divided into 11 categories: 



1. Pattern Recognition Equipment 

2. Circuits and Modules 

3. Computers and Calculators 

k* Data Communications Equipment 

5. Graphic Data Systems and Devices 

6. Memory Systems and Magnetic Recorders 

7. Peripherals 

8. Microforms and Related Equipments 

9. Facsimile and Reproduction Equipment 

10. Long Distance Communications 

11. Software 

The systems -oriented approach is divided into three categories: 

12. Coruv ter Organization 

13. Systems and Applications 

1^. Standards 

Inputs from Round I participants were gathered during the early 'morner 
months of 1968 and converted into the Round I Data Bank. Round II attempted 
to refine and extend the Round I results. It involved an attempt to inter- 
pret event significance in relation to the total information-processing 
environment in which the Navy will have to operate in the future. Round II 
serves three functions: (l) a reevaluation and expansion of the data "base; 

(2) a delineation of the interactions among the events forecasted; and ( 3 ) 
an extension of the state-of-the-art in technological forecasting. During 
this round, a group of outstanding individuals in the field of information- 
processing was asked to evaluate the Round I data "base to refine and augment 
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the data base, to identify events of importance, and to determine possible 
interrelationships between events. 

This group was made up of over h 5 representatives of government, 
industry, and the academic world (see Appendix A). Each of these 
experts we:> assigned one or more categories for consideration. Assignments 
were made to consider each expert’s area(s) of expertise; representation 
was assured from government, industry, and academia in each specialty. A 
careful attempt was made to balance the attitudes of participants to molify 
"ax grinding” tendencies. 

Round II was a direct application of the normative approach. It should 
be stressed that Round I was an attempt to provide a data base; whereas, 

Round II was an attempt to refine, extend, and structure the data base to 
enhance the value of this forecast for planning and system design personnel. 

AFter receiving the inputs from the panel of Round TT experts, a refined 
list of potential events was produced (see Section D - Data Bank of Events). 
This list was used to develop a "menu” of alternative potential short-, mid-, 
and long-range goals and to i' 3 antify supporting events which may be 
desirable or even necessary to make these goals achievable. An Event 
Interrelationship technique was used to document alternative pathways from 
the current state-of-the-art to where *t will be in the future (see 
Chapter IV - Operational Implications). 

D . D ata Bank c ° Events 

This Section summarizes the results of Round II of this study. Each 
of the ll+ categories of in format ion-p? 'cessing technology cited in Section 
C is discussed in terms of a list of potential events. Each event 
evaluated in four ways: 
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1. Goal - The experts were asked to designate major events. Those events 
designated by the category panel as major were treated as potential goals. 
Those goals considered to have a better than 50$ probability of being 
achieved by 1975 were designated as short-term, signified by Those 
goals not meeting the short-range requirement yet having a better than 50$ 
probability of being achieved by 1983 were designated as mid-range, 
signified by M. Those goals considered by the experts to meet the 
probability of success requirement only after 1983 were considered long- 
large, signified by L. To prevent errors of omission, those events not 
qualifying as goals were designated not applicable, signified by N/A . 

2. Desirability - The experts were asked to consider, from the user’s 
point of view, the need to make the results of each event available as a 
usable product. The evaluation is expressed as an index from 1. to 9.: 

1 signifies undesirable but possible; 5. signifies desirable; and 9. 
signifies highly desirable. The value assigned to each event was 
calculated as an average rounded to the nearest whole number. The inter- 
mediate desirability index values then indicate moderating degrees of 
intensity. 

3. Feasibility - The experts were asked to evaluate, from the producer’s 
point of view, the technical, economic, and commercial feasibility of 
converting the event into a usable product The evaluation is expressed 
as an index from 1^ to 9.: 1, signifies unlikely but possible; 5. signifies 
feasible; and £ signifies highly feasible. The value assigned to each 
event was calculated as an average rounded to the nearest whole number. 

The intermediate feasibility index values then indicate moderating degrees 
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of intensity. 



4. Timing - The expected time of event occurrence is depicted hy a 

■3 

triangel: the year by which there is a "reasonable chance" that the 
event will have occurred (probability of 20 % ) is indicated by the left 
tip; the year by which the event is "almost certain" to have occurred 
(probability of 90 %) is indicated by the right tip; and the "expected" 
year of occurrence (probability of 50 $) is indicated by the vertex. 
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CATEGORY - 1. PATTERN RECOGNITION EQUIPMENT 
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Optical page readers will use spelling, grammar, and context to check 
individual characters. 
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high density codes and conventional man-readable printing. 
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CATEGORY - 3 . COMPUTERS AND CALCULATORS 





A new form of computer using hybrid components. 

Development of parallel processing equipment (Orthogonal Computer) will 
continue to evolve. 
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(3) 12,000 bps data transmission reliably performed on voice grade lines 




jCq.tTtq-0j:tsaQ 



TT300 






ft 



a 



ft 



ft 



ft 





<H 






q 






O 




ft 


0 






1 




0 


-ft 






bO 0 




ft 


a 






G rH 


q 


q 


d 






•H 0 


0 


d 


q 






-P 


q 


a 


d 






d <H 


• q 




ft! 






d O 1) ft 


0 


a 






Pi r- 


^ a 


ft 






7 G CO 


-p 


0 


0 




0 p 


! rH 






H 




0 -H d d 


G 


3 


ft 




ft ft 


O 


O 


CO 


■H 




■P cfl bO -H 




oj 


CO 




rH C 


: G 


0 


q 


d 




HOg-r 


< d 


1 — 1 


0 


0 




G Pi £ 


s ft 


ft 




<H 




•h *h a 


) 0 


d 


0 






«P G -r 


« 0 


rH 


> 


j>> 




ft d > 


S 


•H 


•rH 


rH 




•h a 


d 


ft 


rH 




a ^ 


1 ftl 


> 


O 


d 




•* P 


! § 


d 


0 


0 




0 co cc 


i d 




1 — 1 


•H 




ft bO 




0 


0 


c 




G 0 co 


ft 


CO 


ft 


to 

w 


** *H r— 


1 a 






0 


^ * d d 


rH 


ft 


0 


to d 0 a; 


rH 


ft 


ft 


0 

M 


0 U M ft 

•H fO 


•rH 

£ 


•pH 

£ 


0 


%a& 


: q 

1 (D 




CO 


ft 


Q 


d bO 


CO 


0 


0 


rH 




q *H co d 


U 


a 


H 


R 


bO Vi 0 rH 


d 


•rH 


■ri 


S r , 


•h 0 bO 


rH 


> 


> 


* 3 ; g 


bO Tj c 


ft 


bO 


0 




r _ S 


•h d 


I ft 




ft 


0 


S S 


^ ft 


•H 






ft 


M 0 


- — 0 0 


£ 


0 




0 


Ej 


G 




a 


d 


0 


C"l 

>H 

CO 


co -p 


G 


7 


rH 




(U <H -H 

7 ° i 


0 

•rH ■ 


rft 

0 


PM 

CO 


$ 


o 1 q 


CO 0 


G 


•H 




<d 


■H G 0 


•H rH 




•ft • 


bO 


G O ft > ft 


bO 


0 


a 


| 


ft -H 


0 d 


G 


t* rH 


•H 


O ft ft 


rH rH 


•H 


0 ft 


> 




a; d d 


0 -H 


rft 


•rH c5 


0 




ft q ft 


ft d 


•H 


> rH 


S 


*■* 


S +> 


> 


> 


•rH 


ft 


bO ft 


U d 


O 


-P d 




G 0 to 


O 


q 


0 > 


0 


n 


•H h bO H 0 


PM • 


0 d 




S 


c *.3 


O ft 


ft 


fH 


a 


S 


0 


0 CO 


•H 0 


0 


d ~ 


1 — i 


ft O 


ft ft 


•H 




h to d 
-ft bO ?H 
G rft 


G rH 


7 CJ 




ft 




0 -H 


ft 


0 1 — 1 


d 




0 £ 


ft 


ft rH 


0 


LA 


CJ -H 


q 




d -h 


•rH 




■ H > <H 


CJ bO 


Ih CJ 


ft > 


rH 




-P d O 


Vi G 


7 


CO 


ft 


1 


a ^ w 


•H 


ft ft 


CO 


0 




0 q 


d 0 


ft a 


G 




0 ft 


bO 3 


rH q 


•rH *H 




ft 


ft rft G 


h « 


Cm 


rH ft* 


O 


O 

w 


g h A) 


d a 


ft 


O CO 


I 


< 0 a 


ft CO 


< d 


TQ -H 


on 


E-i 












< 












O 


d 


ft 


a 


ft 


0 



or 




1 

d | 








U5~ 


q 






0 


1 








d 1 — 1 


0 






a ft 


u 0 






co 


ft d 


<H 


ft 




0 


s 


0 U 






Pi 0 


d q 




■a 




0 


d 


G ft 






0 ft 


TZJ *H 






0 


ft • 


0 0 






ft O 




•H 


•H 




ft 


. 7> 


bO 0 




co 


7 a 


Hi H 


0 


rH 






d ft 


1 rH 




d 


pi 0 


O 0 


d 






ft 


ft O 


'ft 0) 






a p. 


•ft 


ft 


H, 




•H 


d 


G 




0 


0 


0 




O 






ft 0 


° 




co 


0 d 


rH EH 


0 






CO 


^ ft 


0 d 




d 




ft ft 


0 


ft 




d 


ft ft 


0 




0 


<H ft 


d O 


rb 


G 




0 


G 


CO 0 




Pi 


O d 


PM 


•rH 


0 




d G 


ft 




0 




d 0 


> 


a 




CO 


d 


co d 




G 


0 ft 


0 G 


0 


0 




d 


0 ft 


d Pi 




•H 


co bO 


•H 


q 


0 




0 


bO ft 


0 






7 7 


eh ft! 


Pi 


d 




U 


d 


3 & 




rH 


O 


ft O 


1 — l 




0 


H U 


S 0 




rH 


bO G 


0 d 


*—>» 


Pi 




G 


O 0 


0 




•H 


G 0 


a 


0 


0 




•rH 


ft ft 


G }>> 




> 


•H 


0 T 


ft 


q 






CO ft 


ft 0 






ft Ti 


a q 


d 






1 — 1 


d 


ft 




r 


u 0 


•h d 


U 


q 




rH 


ft u 


** -p 




CO 


9 0 


-p a 




0 




•H 


c 


CO 




Pi 


> bO 




ft 






i* 


ft 


S CO 




0 




0 0 


•H 








co C 


d d 




ft 


>» 0 


bO *H 


ft 


ft 




@ 


ft 0 


rH 




ft 


d ft 


d ft 




G 




0 


S a 


P< >? 

CO rH 




O 


V 


Pc PM 


IS) 


0 




ft 


7 Qi 




rH 


h'P 


O d 


W 


a 




CO 


0 -H 


•H ft 




Pi 


H H 


ft Pc 


< 


0 




!>a 


i 7 


ft -H 






0 7 


co bO 


G 




CO 


d o 1 


Pi 




0 


> O 


0 


•H 






0 


d 




N 


0 ft 


0 <+H 


0 


<M 








EH Pi 




•H 


CO 


rH O 


cn 


0 




d 


0 H 






CO 


0 


ft 




q 




1 — ! 


ft d 


O 0 






ft !>> 


d h- 5 


•< 






ft 


d 


' — CO 




ft 


ft Pi 


•H CO 


CO 


•« 




CO 


0 0 


7 




CO 


O 


Pc O 


■p 


0 




•rH 


U ft 


0 




0 


O 0 


d 0 


•rH ■ 


0 




ft 


bO PM 


ft G 




ft 


ft 1 




ft rH 


•H 




ft 


•rH 

0 Pc 


7 *H 
ft 




bO 


0 <+H 


0 

0 0 


d 

t— G 


> 

0 




7 


ft 0 


0 




G- 


u 0 


co q 


O -H 


q 




ft 


d p4 


>? ^ 




•H 


O CO 


d ft 


h a 






ft 


Pi 


d d 




ft 


a 


q 0 


w g 


ft 




7 


O 0 


Pi 0 




7 




0 q 


0 


q 




O 


PMft 


P. 




ft 


r 7 Pi 




>» -p 


Pc 


. 


0 


« ft 


0 0 




0 




0 J>> 


p 


G 


CJ 


O 


ft G 




a 


3 > 


> rH 


0 0 


•H 


4_3 


ft 


0 G 


O *H 




•rH 


0 


•H -ft 


a *h 




0 


ft 


G *H 


ft 






0 


-P q 


0 ft 


q 




•H ft 


ft ft 






Pi O 


0 d 


a pm 


0 


r\ 


<M 


_ ft 


d rH 




CO 


0 w 


0 O 


0? 


ft 


4_3 


O 


O *rH 


0 »H 




Pi 


a 


1 — I -rH 


to q 


7 


0 


CO 


ft > 


> 

n 




0 

ft 


CO . • 


0 

CO *.H 


co bo 
d 


& 


rH 

n 


0 


rH CO 


• 




ft 


G G 


q 


a eh 


0 


d 


•H 


d 0 


bO ft 




O 


Pc O 


ft bO 


S 


0 


( T 


ft 


0 -H 


• G 




ft 


7 *rt 


CO -H 


-p 0 




• rH 


■H ft 


0 0 




Pi ft ft 


d 0 


0 


q 


CJ 


rH 


a ,r 1 


a 






a 


Vh 


d b> 


0 


•H 


•rl 


O H 


* Pi 


co 




ft a 


O 


<M EH 


ft 


ft 


ft 


G -H 


>> -H 


ft 


O 


G fi • 


* ft> 


G 


PM 


d 






0 




‘0 O H 


ft 


ft ft 


0 


d 


ft 


0 d 


O a 4 


0 


0 


a <m d 


0 +3 


0 to 


*H 


q 


d 


0 ft 


0 0 


Pi 


CO 


0 g a 


0 q 


O O 


q 


bO 


0 

0 


0 bO 


Z g 


CO 

0 


7 

0 


G Pi p 


0 0 

1 ^ 
? d 


0 0 

1 i 


0 

1 

G 


C3 


ftl 


2 


O *H 


•H 


ft 


d O 0 


O 0 


0 0 


d 


0 


tH 


a h 


CO ft 


G 


Eh 


a ft 


ft q 


ft rH 


S 


Pi 


. 




. 












m 




<M 




bO 




ft 




•H 


T3 


X 





62 





>H 

P5 

o 

w 

§ 

o 



cd 

c 

*H 

a 

u 

0 

P 



■3 

•H 

s 

-p 

co 



o 

G 



3 



> 

0 

•— i 

(L) 

-P 

ft 

& 

ft 



co 









0 






to 






>> 


1 








to 




0 


G 






cd ft 


G G 








G 




l> 


O 




• 


ft G 


3 0 












ft 


ft 




0 


ft G 


bO 








rH 




CO 


P 




ft 


co o 


to 


■ 






cd 




G 


cd 




ft 


•H Jh 


cd bO 


EH 






Ft 




0 


0 




cd 




G 


6 






0 




ft 


*h 




ft 


0 ft 






G 




X 


ft 




•h 


&H 0 


co > 


0 






0 

bO 




0 

G 


& 




cd 

i> 


g J 




SP 




t: 


G 




*H 


3 




cd 


P 


& o 


& 




o 

a 


•H 






ft 

0 




0 

ft 


0 o 
0 0 


P Vi 


-p 




0 


0 




0 


l> 






U ft 


P 0 


co 




a 


ft 




> 


0 




ft 


ft ft 


G P 














ft 




ft 


ft > 


0 p 


t* 




i— i 


rH 




P 






ft 




a 


0 




cd 


rH 




3 


ft 




t* 


b ^ 


ftp 


•H 




Ft 


*H 




ft 






H C 


*h p 


> 




bO 






0 


bO 




0 


3 cd 


G ft 






0 






u 


ft 


0 


0 


a 


cd £ 


P 




P 


0 






ft 


ft 


ft 


ft 


0 


O 




G 


O 




o 




ft 


> 


^ cd 


P 


0 




•H 


•H 




p 


l» 


cd 


0 


O p 


bO G 


U 






> 






O 


ft 


ft 


ft ft 


G 0 


ft 




ft 


0 




bO 


ft 


•h 




bO 


•h a 


ft 




O 


ft 




G 




cd 


ft 


P ft 


ft ft 












*H 


Ft 


> 


G 


G ft 


£-i *h 






CO 






ft 


o 


cd 


P* 


0 


O G 


g 


• 


>> 


cd 


• 


cd 


ft 




P 


a rG 


0 cd 


o 


CO 


cd 


rH 


0 


0 




0 


G 


0 p 


0 0 


■H 


Ft 


rd 


ft 


rH 


rH 


CO 


ft 


o 


0 o 


u 


p 


d) 


ft 


CO 


ft 




G 






cd ^3 


1— 1 


G 




CO 


•H 


cd 


r 


O 


ft 


EH 


ft 


rH Cd 


1— 1 


ft 


ft 


rH 


0 


0 


ft 


05 


ft bo 


1 JH 


o 


0 


ft 




•H 


rH 


ft 


ft 


O 


0 G • 


X 0 


to 


> 




G 


cd 


ft 


ft 


> 




ft co 


P 


0 


S3 


N 


0 


> 


cd 


•rl 




>» 


P P 


>» ft 


JH 


O 


1 


0 


cd 


rH 


> 


to 


s^ 


G ft G 


ft ft 


1 


0 


>H 


u 




•H 




0 


a 


0 ft 


o u 


P 




1 


o 


0 


cd 


>> 


0 


0 


0 0 G 


0 0 


b 0 


g 


X 


CO 


ft 


> 


P 


ft 




,£3 0 ft 


ft 


*H 


3 








cd 


ft 


> 


ft 


cd 


ft 


P 


0 


<D 


0 


1— 1 




> 


0 


* . 
3 


ft 


^ *H 




CO 


P 


bO 


rH 


0 


•rl 


ft 


ft U 0 


3 0 


*» 




cd 


Ft 


ft 


ft 


P 




ft 


SP 


P p 


P 


p 


P 


3 


? 




•H 


bO 




G 


co 


co 


CO 


rH 




rH 


CO 


G 


CO 


u 


*» ft 


O 


o 


1 




G 


rH 


G 


ft 


CO 


to >» o 


h a ■■ 

3 o co 


O 


0 


ft 


*> 


o 


ft 


0 


ft 


0 


0 P P 


1 


1 


•H 


G 


a 




CO 


U 


0 


0 ft CO 


000 


i* 


£ 


rH 


•H 


•rH 




• 


o 


O 


•H ft 


•rl ft 


o 


o 


o 


ft 


ft 


G 


ft 0 


0 


U 


> *rl ft 

0 ^3 3 


§ ^ 1o 


•— i 


rl 


CO 


P ■ 


• H 


O 


bO ft 


0 












> 


0. 


•H ft 


u 


ft cd 0 


P P ft 


v 


ft 


ft 


•* cd 




•H ■ 


ft cd 






ft ft 


0 ft 


o 


o 


o 


0 rH 


0 


ft CO 


ft 


rt 


s 


O 3 p 


0 bfl 0 








P ft 


P 


ft cd 


** ft 


3 


ft 


0 ft 


a ft p 


p 


p 


p 


cd co 


cd 


> Ft 


0 cd 


0 




H O 


O ft 0 


(3 


a 


a 


P *rl 


p 




> > 


ft 




P _ 


Sh 3 


cu 


CD 


d) 


CO ft 


CO 


u a 


ft cd 




0 


u o a 


P U Fi 


a 


a 


a 






o 3 


CO 


G 


N 


0 o 


0 o Cd 


ft 


ft 


ft 


ft e> 


ft 


ft c 


G 0 


O 


ft 


P 0 


0 P 


o 


o 


o 


•H &H 


*H 


o 


0 ft 


U 


CO 


cx to Ch 


rH bO 0 


i — i 


i— i 


«— i 


rH 


rH 


0 u 




P 


i 


G 


0 O 


0 


0 


0 


O cd 


o 


1 o 


0 


0 


^^3 3 




> 


> 


> 


CO 


CO 


on ft 


0 ft 


0 


g> 


I 0 P 


0 


0 


0 


CO 




o 


G ft 


ft 


b> 0 3 


O G Ft 


ft 


ft 


ft 


< 3 


< 


< O 


ft > 


w 


PH 


ft P ft 


!z; 3 0 


. 


. 




. 


. 


. 




. 


# 






g 


o 


ft 


cd 


Ft 


CO 


P 


G 


> 




X 



S 3 

"S 

0 



0 0 
S -3 



VO 

o 

-p 



- 0 
CO CO 
0) 

p I— I 

Jl 

c o 

V I— I 

o 

V lt\ 
WOO 
cd o 
0 co 
H d o 

CO a) 

0 o 

bO ft .p 
S3 CO 
■H ^ 
P bo lt\ 
P G O 
O *H . 
H P O 
ft ft 

'r s >. 

S3 — o 
0 aj 
}> d l 
Ft 0 3 
000 

w ft a 

0 01 03 
bO rQ xJ 
H MW) 
CD ft -H 

1-3 w w 



63 



o 

ERIC 



CATEGORY - 5. GRAPHIC DATA SYSTEMS AND DEVICES (Cont'd.) 



a 

■H 

E-t 






■£q.TXjqB.iTsa(i 



Xboo 



er|c 



P" t CO LTv 

r— k vo L t— 

co ^ vo t- k fc. 

^ \ ^ 



£5 



- k 

t— 

Kf 

o Ao 

*- «r 1 •- 

VO 

CO CO vo 



a 






< 



< 



4 ;$ 















<D 












P 








1 




















bd 


P 












P 




- — •» 




P nO 


0 














} 




o o 






o 








■g 


0 


H 




P 










1 






t 




o p 


i — 1 




cn 




i — i 




•rl 


03 




o c3 


3 0 








•rl 




Pi 




CM £ 


rH 








c3 






nO 


G 




Sa- 0 

d rH 








bO 

G 




P 

*H 




o 

ft 


t 




3? 




P 

•rl 




g 


ft 


S3 




G 0 G 

3 > O 








0 










o to 






ID 




b0 




•rl 


O 


t 




•rl *H 


•rl rH 












£ 


1 




p 


e 




P 




•H 


• 


P 






P P P 


nO -h 








>? 




C 


) 




CO *rl 


O 








n0 


CO 


0 


P 


0 




pad 


{* 










<r 


1 




nO nO 


•H 




B 






ID 


B 


08 






•H 03 CJ 


bO 








b 










0 G 


ft 




•H 




nO 


P 


P 






> -H 


G 0 










CO 




a; o 


P 




X 




§ 


a 1 


■ra 


p 


0 




bO G 


•rl 0 








o 




n: 


J 




Pi O 


H 




O 




•rH 


G 




nO 




nO G p 


P 0 








Pi 




a 




co aj 


O 




Jh 






G 


O 


O 


G 




0 -H o3 


a .p 














_ G 


CO 




Pi 




< — i 


P 


o 


P 


o 




P nO ft 


0 0 








P 




o 




o _ 


a) 




Pi 




03 


a 






a 




0 P 


3 

G 0 








a 










M 1 


G 




CJ 




CJ 


0 


G 


i — I 


0 




0 rH bO 








0 




0 












•H • 


p 


•rt 


c3 


0 




ft 0 G 
KGH 


O 








G 




t 


j 




. CD 


S 




G 




P CO 






P 






0 0 








a 




J 




P P 


0 




H 




Pi Pi 


G 


nO 


CP LT\ 




0 »h nO 


G 0 










i 


> 




P 











aj »H 


o 


0 


0 






G 


0 0 








CJ 




1 




*H g 


Pi 




rd 




a 


•rl 


0 




G 




0 “ rH 


P P 








0 




0 




E* o 






s 




P 


P 


G 


□J 




p 0 O 


G P 










Pi 




G 


O 








CJ 




o 


P 




B G 


•rl 








-P 




a 


! 




C0 +3 


CM 




o 






0 


0 


•H 


P 




G 0 *rl 
CO p 


o 






• 


•rl 










id a 


H 








rH 


P 


P 






» «p 






0 






§ 




a aj 






ID 




O »H 


<H 




P 


0 




CJ 0 G 


0 






0 


nO 






•rl rH 


nO 




a 




P «H 


0 


O 


rH 


0 




!>j O 


0 0 




• 


40 


P 




o 




i> ID 


§ 








nO 


P 


O 


0 




0 0 »H 


•rl +3 




/ N 


O 


O 




CO 




ID 




t 




<D Oh 






CQ 


i — 1 




B P 


P P 




cn 


-p 












nO p 








CO o 


U 


0 


0 






0 rH d 


d ft 




a 


0 


0 




c 


) 


• 


o 


• 




0) 




o3 _ 


0 


u 


G 


bfl 




P d -p 






•rl 


M 


P 




p 


) 


CJ 


rH <D 


a 




Pi 




•° g 


CO 


0 




G 




0 G G 




-P 


0 


0 








•rl 


03 G 


ID 




aj 




03 


p 


P 


•H 




O 0 


P 




i 




r c 


J 


G 


G *H 


CO 








o3 o 


i — 1 


p p 


0 




to -h d 


0 




P> 


S3 




0 


O 


"> TJ 






nO 




P P 




cd 


•rl 


P 




P G 


0 • 


• 


0 






CO 


G 


i-P 


CO 




(D 




c3 


0 


P 


> 






c 0 0 
& G o 
•H G nO 


0 


0 


p 


p 






I 


P 


Pi <D 


ft 




P 




rd ID 


P 


<3 




0 




.”S 


G 


a 


0 


a] 








CJ 


■rl CO 


£ 




cn 




pd 


c3 






s 




O 


0 


G 


B 




0 


a> 


G P 


•rl 




•rH 




cd p 


P 


>» 


CO 


•rl 




0 cTi 


1 & 


•H 




•rH 






rC 


1 


i — t 


ID 


O 




G 






to 


ft 




P 




0 0 


0 




o 


i — i 








CJ 


Pi rH 


Pi 




■rl 




CO G 


1 


O 


EH 






p 0 nO 


B.45 


0 






i — l 




1—1 


1 


o 


rH 




IP 




G "rl 


nO 


o 


pc; 


P 




1 nO d 


0 


0 


40 


•rl 

t* 




1—1 

•H 


1 

1 


g 

CJ 






c3 




aj ID 


•H 
r— 1 


nO 


o 


g 




o d 1 
0 B 


d nO 
•H 


G 

R 


•rl 


f 


CO 




> 




•rl 


P 


i — 1 








CO p 


O 


a 




P 




nO 0 


n0 bO 




O 








6 


P CO 






ID 




p 


CO 


0 


G 




•H 0 G 


■ G 


0 




G 


G 




CO 




Pi G 


ft 




a 








p 


0 


•rl 




<J G *H 


0 'rl 




d 




(D 




J- 


l 


0 


B 0 


O 




P 




0 




O 


G 




T *H P 


•rl -p 


G 


P 


ft 


P 




d 


l 


P 


o P 






nO 




>• 


p 




ft 




0 P O 


bO 0 


O 


d 


O 


G 










a p 


CO 




O 




•g ► 


•rl 


0 




G 0 d 


O 0 


•H 


nO 




& 








. rl 


o 


nO 




P 




P 


o 


0 


P 


•■ 


•h d 0 


H p 


P 




to 


B 




c 




i — 1 


ID rH 


ID 




Pi 




p 


CJ 


CJ 


P 


P 


G 


PS 




d 


ft 


G 


o 




1 


S 


B Pi 


ID 






co G 


0 






•rl 


0 


0 P 


•■* d 


H 


O 


■rH 


CJ 




CO 


O 

CJ ID 


Pi 

CO 




i — I 
rH 




1^* 


«H 


§ 


& 


> 


0 

G 


d 0 G 
JS P d 




0 

G 


P 




o 




J- 


i 


&* 


(D CO 


&0 




•rl 




P P 


0 


1 — 1 


H 


nO 


0 


03 






P 


cS 


-p 




0) 


P ID 




> 




co O 






ft 


§ 


W 


G nO W 


0 0 


3 


ft 


a 






CO • 


P 


rH £5 


P 








>» 


Oh 


<H 


0 




•H O 0 


0 G 


G 


cn 


p 


CO 


03 


G 


•H 


•rl 




CO 




w 


O 


o 


•rl 




nO 


B 0 


0 0 


G 


•H 


G 


G 


r— 1 


1 0 


P 


rH 


P 




P 




« 






nO 


0 


0 


0 B *rl 


0 P 


O 




d 


Pi -P 




, P 


a 


•rH 


* 




ID 




o G 


P 


p 




0 


E>> 


P o > 


0 0 


•rl 




G 


03 


I— i 


P 


G 


I* ■ 




P 




•H O 


G 


G 


0 


O 


o3 


G 0 0 


c 1 


P 


o 


•rl 


P 


C* 


1 & 


•H 


CJ 


l — 1 




% 




P *rl 


0 


0 


•rl 


•rl 


rH 


0 a rd 


0 


G 


•H 




CO 


c 


1 § 


CJ 


CO ID 


PH 


■ 




P P 


1 


B 


G 


> 


ft 


S d 
0 0 


'S S3 




§ 


p 


CJ 




•H 


1 O 




G CO 




f— | 


rl 




o3 d 


P 


ft 


O 


0 


0 


H 


St 


•H 


TO 


S ° 




CJ ^ 




d 


Pi 




P B 


O 


O 


G 


nO 


•rl 


> o > 


ft 


ft 


s 


P 


0 


p CQ 


A 


a 


A 




!j 0 fi 


i — I 


rH 


P 




nO 


O p *H 


0 






& 


G 

0 


P 

C 


1 a3 

i 


i — l 


€ S 


»r-t 

R 


a 


•rl O 

b0 


0 

> 


0 

> 


O 

0 


& 


G 


G m 

ft p ot 


M p 
0 0 









G 


0 


aj 


i 0 


i — l 


rH O 


•H 




CD 


■H G 


0 


0 


rH 


rH 


O 


B P d 


d 0 


rH 


CM 


oo 


O 


G 


S 


P 




Pi l» 


Oh 


P 


Pi 


CO 


O -H 


« 


« 


0 


ft ft 


H ft ft 


B P 








>> 




N 


03 


P 






CJ 






0 


ft 


























o3 


P 






a 




P 


0 


ft 








to 











6 !+ 



M 

g 

•rl 

a 

•rl 

E-* 



jCq.*cxTqTSBS^; 



^qtlTq'Bjtssa 



IBOO 



on r— oj t— 

t*~ k .g- h- * 

Kh ^ V ► 



OJ 

m t— 



>\ V 

K r 



LTN f — 0\ 



a 



a 



a 



<$ 

a 



a 



a 



<$ 

a 



a 















• 


! 








H 


G 












0 








1 




-P 




CD 


M 








ft 


0 












ft 








O 

P 




and 
e a 




G rH 

0 X 


O 

O CD 




S >> 




•as 


G 

ft 




p 








G "G 








0 






rH cd 


O B 




•H p 




p 






G 








bQ G 












• — i 




O rH 


G *H 




03 -H 




*3) r— ? 


03 




0 








•rH O 








bQ 




» ft 




O -rH 


ft p 




cd 03 




0 




G 








G n 








a 




0 cd 




cd 




CD G 




•rH ft 


G 




0 








G 








ft 




ft rH 




G > 


CD CD 




0 




rG cd 


•H 




■a 








G 0 








ft 




G -rl 




•rH Cd 


03 G 




r, 4 J 




G 


ft 










P G 












•H cd 




0 ft 




P G 




G ^ 






•rH 








•rH 








1 — 1 




O > 




9.S 


ft rG 




G ft 




O ft 


O 












> P 








a 




ft cd 




U U 




ft 




r* 


-=t 




G 








G 








G 






O 




ft ~ 




bO ft 






P 








0 








•rl 




a CD 




03 rH 


p* e 




0 




O rG 


P 












0 P 












C/3 ft 




rH 




» P 




ft G 


01 












ft G 








2 




CD 




CD £ 


rH ft 




p ft 




ci ft 


G 












O ft 








O 




O rH 




cd cd 




03 G 




i g 


0 




03 




• 




0 p 








H 




•rH rH 




P 


■H G 




O t* 




H 




>» 




0 




G G 








1 




rH -rH 




03 03 


0 p 




CJ 




0 • 






G 




>> 




O O 




ft 




H 




> 




cd cd 


(D G 




0 




G 03 

cd 03 0 


P 




ft 




G 




0 








-CO- 








G CD 


ft CD 




^ > 




G 




ft 




ft 




0 




P 








ift 




cd S 


03 CJ 




O ft 




G ft 






03 




ft 




0 -H 




G 




p 










ft P 




0 0 ° 
O p 03 


ft 




•H 




0 


• 


O G 




O 




0 




> CD 






>> bQ 




O 




O 




fG 




•H 


0 


G ft 




O 




O 




G -P 




CD 03 


G G 




cd 0 




G 03 G 










Td 


ft 


ft G 


G 






a 




3 cd 




P G 






ft 




CH G O 


G 




rG 






G 


0 m 


O 










0 u 




cd O 


§ £> 




0 0 




ft 0 


O 




0 




G 


G 


ft 


CO 




g 




B 




G CD 


cd 




rG W 




rG 0 


•rH 




03 




0 


•rH 


p _ 


P 


w 






i* 0 




CD G 


ft 03 




•H 




0 03 


P 




03 




0 


a 


G ft 


G 


0 




1 — i 




cd 0 




G CD 


O 




> rG 




rG G 0 


G 




0 




G 


G 


• H g 


a 


ft 








d * 




CD bO 


03 




O P 




03 ft ft 


ft 




% 




0 


0 


0 


> 




#1 






bQ O 


G G 




G ft 




0 rG 


O 






0 


P 


0 


p 






a 




ft 




H 


O rG 




ft t* 




G G ft 


03 




rG 








G P 


G 


Q 




0 




§ § 




G 0 


•H p 








ft 0 cd 


0 




G 




0 


0 


•H G 


G 






•rH 






3 rG 


03 




O 




0 G G 


G 








bo 


•rH 


G ft 




Q 




-P 




0 




a 


G 03 




p cd 




G P bO 






£ 




a 


G 


0 G 


G 


s 


p 


G 




p> 




CD 


ft G 




ft 




•H 


G 






ft 


G ft 


bO 


<q 


S 


1 — 1 




ft eg 




ft X 


CJ 0 




ft ft 




>00 


P 




ft 




ft 


G 


a 


•H 




ry? 


0 




0 a3 




O P 


G ft 




QJ 03 




ft ^ 0 


S 




G 






& 


1 0 


0 


CQ 




C/3 




•H <p 




•H 


•H cd 




p ft 








P 




0 


is 


0 


CD 




ft 




rG rH 


G 




O ft 




CJ Cd 




•rH 




a 




ft 






g 




£ * 




> rH 


cd a> 




0 




0 03 a 


0 




bQ 




•H 


0 


a ft 




EH 








bO 




cd 


rG G 




ft G 


>> 


G ft G 


u 




•H 


0 


P 


t 


G 


0 


ra 




-=J- 




G G 




G 


P CD 


• 


G O 


p 


ft >G 0 




TJ 


G 


1, 


ft G 

0 S 


G 


>H 




OJ 




O -rH 




O ft 


bO 




0 ft 


•rH 


ft ft 


G. 






3 


ft 


a 




CO 




0 




ft ft 




P O 


P 


03 


ft O 


O 


•* G 


cd 0 


*> 


03 


G 


0 


P . 


G 




1 — i 




G ft 




cd 


•d >> 


G 


O 


cd 


O • 0 


03 


ft 


ft 


G 


0 


G 


G G 


0 


< 






• 


G *H 




G 0 


a cd 


O 


0 


ft 


O bQ ft 




G 


0 


G 


G 




0 O 


G 


i-J 




X 


CD 


CD rH 




<D G 


G ft 


•H 


X G 


cd 


O • 


— 


ft 


g 


0 




P 


•H ft 


w 


< 






1 — 1 


G a 




G O 


CD ft P 


O 


0 


ft 0 G 


CVJ 


03 




0 


0 


P P 




a 




-=1- 


,Q 


CD 




CD -H 


ft 03 


ro 


ft ft 




1 — bQ 


ft 


G 


ft 


0 


•H . 


O 


0 G 


0 






OJ 


G 


bO CD 




bO -0 


•rH 


a 


ft P 


p 


0 ft 




0 




r> 


H 


0 


•H ft 


G 


0 




0 


H 


*1 




G 


ft ft 


G 


ft G 


G 


1A 0 G 


O 


ft 


p 


•rH 


a 




G 0 


O 


£ 




1 — 1 


•rH 




<D a 


ft 


O 


t* ft 


O 


tft 0 


P 




G 


P 


G 


> 


ft 0 


•rH 






G 


• 


G ft 


•H G 


ft 


O 


1 


— ft •» 




0 


ft 


0 


Si 


O 


O 0 


P 


pi 

2 






t> 


rH 


r- V 


3 ft 


t* -H 


03 


ft 03 


rj 


r* H 




X 


ft 


0 


r G 


ft 


0 G 


G 




& 


G 


ft ft 


2 


P -rl 




S 


0 0 


cd 


G 0 03 


ft- 






ft 








0 






03 ft 


LTN 


0 0 




9 * 


0 


O rG O 




ft 


ft 


0 


ft 


ft 


•rH 


u 




1 — i 


CD 




1 


iH <D 


G 


G 


•H 0 


03 


ft 


O 


C/1 


O 


O 


rH 




ft X 


rH 


ft ft 


0 0 


P 


*■& 




p 0 


& 










•H 


ft 






0 






■G9- 


03 


ft ft 




rG 


G bp > 


P 


rG 


P 


P 


P G 


ft 






ft 


1 — i 


CD 03 




0 


0 p 


ft 


cd ft 


s 


ft G O 


ft- 




G 


g 


G 


G 


G _ 


G 


LTN 




ft 


1 — i 


iJ 55 




us 


G a 


1 


a rG 


O G ft 


ft G 


0 


0 


0 


0 ft 










•rH 


P 


rG G 


on 


0 ) 




03 O 


03 


O 


a 




a 


a 


g.g 


G 






g 




t* P 


03 


> p 


0 3 




cd ** 


0 


0 P 0 


•H 


ft 


ft 


0 


ft 


ft 


O 


| 




O 




ft O 


O 


ft 


CD ft 


** 


ft G 


bO 


G 03 rG 


rG 


O 


q 


S 1 


0 


0 


0 


<H 






rH 




G G 
3 G 

g a 


0 


a3 § 


P 


• 


ft 0 


cd 


G 01 ? 




0 


ft 


ft 


ft 


ft ft 




tM 




O 


CD 




bO 


U3 


> 


G 


ft 




0 


G 


0 


0 


0 0 


P 


K 




a 


to 


t* 


rG > 


ft G 




0 ft 


O 


bO 03 O 


ft 


rG 


> 


O 


i> 


> 


> 0 


0 


0 




G 


ft 


0 


•rH 


CO ft 


CD 


ea 


P 


■H a? G 


G 


s 


0 


H^> 


0 


0 


0 ft 


O 


0 

tq 




< 


G 


< 0 


rH 


< tc 


►G w 


' — 


03 


a a ft 


& 


Q 


0 


Q 


Q 


Q 0 


0 


S 














. 










# 
















O 




G 




ft 










s 






G 




O 




ft 


oj 


G 








G 




•H 




•Q 


2 






§ 


G 




O 




ft 


ft 


G 





o 

ERIC 



65 



s 

ft 

Eh 




jCqxxxqxsBS^ 



^^.xxxqBjxssd 



T*3O0 



Lf \ UN 

r y ► 

on r~\ " 



On 

VO 



VO CO 



<u 

s' 



s 



< 

s 



ft 

o 



0 

G 

p 

0 

d 

0 

CO 

tu 



d 

c 

G 

G 

P 



O 

ft 

G 



8 

ft 

d 

0 



ft U 

g 0 

B o £ 

<u 

o ’> 

° H 
ft) G 

*6 

SV 

O ft 
d 
>> G 
-P ft 



bO 

G 

•H 

G U 

ft ft 

G 

CO ft 
CD 

a) •* 

£§ 
i— I ft 

ft P 

§ g* 

-P G 
ft CO O 

O ft £ 
q 

CO ft Cl) 

ft> J > 
■H *3 -H 
ft G -P 
ft G 
> -p G 

•HOP 

G G to 
u G ft 
G ft G 
G ft 

8 .1 

G 



a) 

G 



G 

O 

G 



iH C, , 

0 O 

§ ►, 



a 1 

cj 

8* 

G 

O 

ft 

G « 

•— I ft) 
O i — I 

10 G 

a; a 

G I— I 
ft 
rG G 



o 

d 
>» ft) 
ft P 
O G 
O ft) 



co 

d) 

G 

ft 



£ 

O 
co 

d 
co q 
<u co 



f G 



as 

„ 0 
ft) G 

3 8 
lr H 

ft O 

0 p 





tJO 


> 




8 


o > 




d 




■H 


G 


O 


O 0 


0 


co 


• 


G 






ft 


•H 


P 


ft G 


LTN 


0 


■? 


a 


0 


0 G 
G P 


ft 


cj 

G O 




1— 1 


P 


G 


0 


O 0 


G 


O 0 


1 


G 


G 


fe 


H 


G G 


a 


ft 




cd 


0 


O 


ft 


o 


P 


s 


ft 


0 


O 


0 


0 G 


co 


a * 


ft 


'0 


H 


G 


ft O 


u 


G 0 


g 


0 


U 


O 


O 


0 ft 


0 


P +> 


w 


W 


ft 


K 


o 


EH P 


ft 


ft 0 


EH 
















<£ 
















o 


CO 

to 




ft 

P 




B 


& 





£ 

O 

0 



G 

0 
d 

8 

1 

G 



c_, 


3 


• 


ft 0 


r 


O P 


P 


5 


o 


0 0 


ft G 


0 


CO ft 




W 


0 


P o 


G P 


ft 


G > 


0 


> 




0 cd 


G 


G 


0 ft 


fi 




0 


ft ft 


ft o 


ft 


ft P 


3 




G 


§ 


G p 


P 


O 


cn 



0 

ft • d 
w M O 
r • G 
0 ft 

rG *■ — 

M 0 

0 tO 



8 1 

o 



G 

& 

s 



O 

ERIC 



66 



CATEGORY - 6. MEMORY SYSTEMS AND MAGNETIC RECORDERS 
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ppp. Erasable medium sensitive to light and capable of controlling light. 

Writing times below 10 ms. This includes improved photochromic materials 
and magneto-optic films such as manganese. 
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istics and new types of films can be expected. More compact and manage- 
able equipments will be available. Substantial improvements will be made 
in the reproduction area. 
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hhh. Software will be recognized as a product to be treated in production 
testing and maintenance like other products. 
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which the optimum will he selected. 




ERIC 



ibbb. Graphic arts quality printing using computer technology will he 
ly used throughout the industry. 
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A major increase in the use of small central processors suitable for pro- 
curement by individuals to perform such functions as climate and light- 
ing control in the home, systematic information retrieval from various 
sources such as stock brokers, banks and retailers and scheduling of 
such functions as maintenance, budgeting and medical care. 



13. SYSTEMS ADD APPLICATIONS (Cont'd.) 
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digital means, including machine-tool control. 



CHAPTER IV 



OPERATIONAL IMPLICATIONS 
A. Description of the Model 

This Chapter graphically describes highly probable effects on 
information-processing users (particularly Navy users) of the techno- 
logical advances projected in Chapter III. The goals discussed in 
Chapter I and Chapter V are here related to the forecast using a graphic 
format. Consideration is given to such important factors as effective- 
ness, manpower requirements, training, and operating efficiency, as well 
as the implications (from the user's point of view) of new products, pro- 
fits, economics of scale, and market share-. Stress is placed on demon- 
strating how information-processing technology can be capitalized on by 
the user - specifically, the U. S. Navy. 

The relevance tree model used segregates the events listed in 
Exhibit 1+ of Chapter III into goals and supporting events. 

1. Goals - Goals have been classified as short-range, mid-range, and 
long-range. Each goal is designated by a square. The number /letter 
combination identifies the event designated as a goal by category and 
item as they appear in the ordered event list of Chapter III. 

2. Supporting Events - fSupporting events have been classified as 
necessary (essential to goal accomplishment), or as desirable (enhancing 
accomplishment). Each necessary supporting event is designated by a 
triangle, while each desirable supporting event is designated by a circle. 
The number /letter combination identifies the supporting event by category 
and item as they appear in the ordered event list. 
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3. It should be noted that the appearance of an event as a goal in one 
model does not preclude its appearance elsewhere as either a goal or 
supporting event or vice versa. Short-range goals may be considered as 
either events extremely necessary to the accomplishment of mid- and long- 
range goals or as providing essential assistance in the form of fallout. 

Failure to provide the capabilities represented by earlier goals will 
delay or even frustrate the accomplishment of follow-on goals. 

This Chapter basically consists of a series of models designed to demon- 
strate interrelationships between the events cited in Chapter III. The 
author's conceptualization of how these models might be used is illustrated 
in Exhibit 1. A long-range goal was selected and a pathway was traced 
through intermediate goals and supporting events back to current technology. 
Several sample events have been extracted from the ordered list appearing 
in Chapter III. They appear in synopsized form in the exhibit to demon- 
strate the meaning of the codes appearing in the geometric forms. The num- 
ber represents the category from which the item was selected (e.g., category 
3, Computers and Calculators). The letter(s) represent (s) the particular 
item selected from within the category ordered listing (e.g., item mm). 

These relevance tree models have been constructed based upon the struc- 
turing activities carried out by the Round II panel of experts. Each expert 
was asked to designate major events and then (as if he were standing in the 
future and looking backward in time) to list those events necessary or de- 
sirable to the accomplishment of each major event. Detailed statistical analy- 
sis has enabled the author to prepare a series of Integrated models offering 
a series of goals with normative tracings indicating how they can be accom- 
plished. These individual models appear on pages 107 through 153. 
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CHAPTER V 



CONCLUDING REMARKS 



A. Summary 

This forecast, "was conditioned vis a vis a user requirements orienta- 
tion. This permitted the highlighting of technological gaps and unexploited 
capabilities. Little in the way of gaps in hardware technology was 
detected. The exceptions are in the areas of input and communications. 

These gaps will be substantially overcome during the next five years. The 
forecast indicates that the next five years in information-processing will 
bring nothing revolutionary in terms- of hardware, only more efficient use 
of current types of equipment. The exceptions here will be in the wide- 
spread use of pattern recognition and source data automation devices. 

Lack of uniformity in equipments and procedures is the major gap. For 
example, on several occasions NAVSUP found at an individual activity 
different equipment and procedures being used for identical tasks. This 
introduces such inefficiencies as duplication, time-lag, syntax errors, 
and logical errors. To sum it up, the gaps are not in hardware technology, 
but in the application of technology to user needs. 

If technological gaps are basically closed, why continue to forecast 
information-processing technology? The reasons are that such forecasts 
permit us to find more efficient ways of* doing things; to direct technology; 
and to perhaps provide hints of potential breakthroughs . Such an approach 
enables system designers to anticipate technology facilitating a modular 
approach to accept new technology without requiring total redesign. 
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During its infancy and early formative years, informat ion-proces sing 
technology required and received substantial Government cultivation. The 
Navy has taken, and is continuing to take, an active role in support of 
the advancement of this technology. Navy decision-makers have chosen to 
emphasize support of R&D efforts in information-processing technology in 
the tactical environment, e.g., missile guidance systems, etc. The Navy 
has given substantial indirect support to industry’s R&D efforts through 
large-scale purchases of newly developed gear for use in conducting a 
vide range of support functions. In fact, buys of this nature are used 
to write-off industry R&D investment lowering economic barriers to 
advancing technology. 

The comparison between hardware technology and Navy user requirements 
discussed in Chapter II of this paper clearly underscores the fact that a 
hiatus does exist in information-processing technology — a gap in learning 
how to efficiently utilize and effectively manage the utilization of the 
hardware, rather than how to make it. If the Navy wishes to continue in 
its tradition of providing worthwhile support to the advancement of this 
technology and to reap increased benefits from its application, a realloca- 
tion of exploratory R&D resources should be instituted. 

Making this change will require a difficult decision. Success after 
success has been recorded in the hardware and, to a measurable extent, 
software aspects of the problem. Yet, efforts to date in the areas of man- 
machine interface, machine-machine interface, and interactive impacts upon 
human organizations and machine organizations have been extremely dis- 
heartening and have met with painfully slow progress. Given these circum- 
stances , it is only natural that R&D funding would be concentrated where 
the probability of success is high — hardware and software technology. 
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Quantum improvements in information-processing technology are no 
longer likely to be made through the brute force approaches we have been 
taking in the past, e.g., faster computer cycle times and more sophisticated 
program language repertoires. Yet, such achievements are possible if ve 
can take advantage of current and improving technology and add the missing 
ingredient — total communication, i.e,, be it man/man, man/machine, or 
machine/machine . 

To achieve total communications , at least the following four. areas 
must be stressed: 

Satisfaction of user requirements - 

In order to exploit technology and properly utilize technological 
potential, user requirements must be satisfied in terms of functions 
performed, not procedures used to perform them. This might cause 
major disruptive changes in current management practices and forms of 
human organization, yet offers potentially great payoffs. 

. Standardization of procedures, equipment, software, and data elements 

The lack of such standardization is the major source of current data 
handling problems. Such a program would create numerous casualties 
among vendors, programs, and current policies. 

. Make the gear an extension of the man - 

For years lip service has been paid to this concept, while a 
diametrically opposed policy has been pursued. Today, we communicate 
with the machine in a manner more amenable to the machine than the 
man. If this extension concept is to be implemented, the machine must 
be prepared to converse with man through his natureal senses (such as 
sight and hearing) in his operating mode, i.e., an interactive 
question and answer experience. 

. Adopt new ways of organizing the machine and systems of machines - 

Traditionally, information-processing gear has been organized as 
man says he thinks, sequentially. Yet, the human thinking process is 
really a combination of sequential and parallel processes couched in an 
essentially sequential master program. The ability to process data in 
such a manner is dependent upon the availability of a form of mathema- 
tics currently not available. However, given this breakthrough, the 
machine's part in achieving the total communication goal could be played 
ever more effectively. 
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B. Diagnosis and Prognosis 



Seven shortcomings to the DELPHI technique (as currently envisaged) 
were enumerated in Chapter III above, SEER addressed itself to the satis- 
factory handling of six of these shortcomings, specifically: 

1. A set of sample potential events was developed from interviews and 
secondary sources. This set of sample events was structured into tech- 
nological sub-categories of information-processing and provided a starting 
point for Round I participants. In addition, these events served as 
control questions used to validate participant response. 

2. The study design provided for two iterations. Each round involved a 
different set of participants. A participant was not asked to comment a 
second time unless a response was so out of phase with his contemporaries 
that it might be deemed as representing a potential breakthrough nr simply 
an error. The first panel consisted of people working in the information- 
processing industry, while the second consisted of top experts from 
industry, government, and academia. 

3. Each panelist was assigned work in those sub-categories in which he 
currently works. He was permitted to comment on and add events to other 
sub-categories where he had tangential interest. More weight was given 
to a panelist T s comments in his area of expertise and proportionately less 
to comments in those sub-categories outside his normal work situation. 

k. Specifically, two rounds were established as the finish of the DELPHI 
phase of this study. The panelists participating in both rounds were in- 
formed of the study plan prior to their involvement. 

5. Eyent desirability (from the user’s point of view) and event 
feasibility Cfrom the producer’s point of view) were specifically 
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addressed. Each event (whether originating in the sample. Hound I, or 
Round ll) has received this same type of evaluation. 

6. Round II included an effort to identify major events and supporting 
events. Each Round II panelist segregated these supporting events into 
two categories: desirable and necessary. This process has permitted 

NAVSUP to identify a "menu" of potential short-, mid-, and long-range 
goals in informat ion-proces sing technology, as well as alternative path- 
ways (through supporting events) to make these goals achievable. 

NAVSUP feels that the effort was successful to an appreciable degree 
in overcoming these first six shortcomings. However, the basic thesis 
of DELPHI and any of its mutations (e.g., TRU's "Probe" or NAVSUP 1 s SEER) 
precludes the direct answering of the seventh drawback. The potential 
spur to idea generation made possible my personal contact is a valuable 
element lost in the trade-off for anonimity. Perhaps the best answer is 
to follow SEER’s Round II with a series of seminar discussions between 
Round II panel members, utilizing the Round II data bank as a point of 
departure. Such a face-to-face confrontation would permit the accrual of 
almost all potential advantages SEER currently offers, with the added 
benefit of a fully-prepared , well-stractured panel series. Consideration 
is currently being given to such a follow-up effort. 

In conclusion, it can be stated that positive results were achieved by 
the use of the SEER technique. It permitted the forecasting organization 
to utilize the information being generated by an industry in which it had 
little influence and no control over trends. The application of SEER has 
identified alternatives in a sufficiently clear and complete manner .tn 
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facilitate executive decision-making. NAVSUP planning, as influenced 
"by technological developments in the area of information— processing, is 
being modified based on the SEER forecast. New resource allocations will 
be affected by the results of the study. 
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